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Abstract 
Identification and characterization of differentially expressed genes during leaf 
development of Rice 
Rice (Oryza sativa) is an important grain crop for half of the world's population 
and is mainly consumed in Asia and Africa. Given that the world population is 
expected to double during the next several decades, the rice demand will be increased. 
In order to meet the anticipated high demand, genetic information about rice 
development would be helpful to breed high-yielding rice varieties. 
In this study, differentially expressed genes during leaf development of one male 
sterile line for super hybrid rice, Pei'ai 64S, were identified by arbitrarily primed PGR 
(RAP-PCR) and cDNA microarray. Three stages with visible difference during leaf 
development, namely leaf primordium, half expanded leaf and fully expanded leaf, 
were chosen for identification of differential genes. 
Using RAP-PCR combined with reverse dot blot hybridization, 2500 clones were 
randomly selected from a cDNA library which was constructed using leaf primordia. 
C D N A microarray hybridization was carried out using a slide with 2000 dots printed 
in quadruplicate. 305 differential clones identified from these two methods were 
sequenced and searched for homologous sequenced in Gen Bank. 
Based on the similarities of their expression patterns, differential genes were 
categorized into eight discrete groups of gene expression patterns. Coordinated gene 
expression indicated the regulation of this complex biological process and would be 
useful to characterization the function of the unknown genes. 
Twelve differentially expressed genes were selected for characterization by 
i i i 
Northern blot hybridization. There were five photosynthesis related genes, 
Ferredoxin - NADP reductase, Type I light harvesting chlorophyll a/b binding protein, 
Rubisco small and large subunit and NADH dehydrogenase N D 3 ； three photoreceptor 
synthesis related genes, Heme oxygenase I， GTP cyclohydrolase II and 
Geranylgeranyl reductase; one chromosome biosynthesis related genes, Histone H4; 
one oxygen transport related gene Hemoglobin 2; one protein degradation and 
cytoskeleton remodeling related genes polyubiquitin 1 and Actin depolymerization 
factor respectively. 
Finally, these twelve differentially expressed genes during leaf development of 
Pei'ai 64S were further characterized in two other rice varieties, E32 and Pei'ai 
64S/E32 by Northern blot hybridization. These genes were all differentially expressed 
during the leaf development of E32 and Pei'ai 64S/E32. However, some of them 
showed different gene expression profiles from Pei'ai 64S. 
In conclusion, investigation of gene expression at three different stages during 
rice leaf development revealed that this programmed process was controlled by 
different groups of genes. Generally, along leaf development from primordium to full 
expansion, genes related to the main function of leaf, photosynthesis, were 



















二個基因包括五個與光合作用相關的基因，Ferredoxin-NADP reductase，Type 1 
light harvesting chlorophyll a/b binding protein，NADH dehydrogenase ND3 ’ Rubisco 
small and large subunit； 一個與染色體合成相關的基因，Histone H4;三個與光感 
受器合成相關白勺基因Geranylgeranyl reductase ’ Heme oxygenase I and GTP 
cyclohydrolase II； 一個與氧氣運送相關的基因Hemoglobin 2; —個與蛋白質降 
解相關的基因polyubiquitin 1；以及一個與細胞骨架改組相關的基因Act in 
depolymerization factor ° 
本文還對這十二個基因在在其它兩個水稻品種，E32和Pei'ai 64S/E32的表達 
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Abbreviations used in this thesis without definition include: 
a.a. Amino acid(s) 
BSA Bovine serum albumin 
bp base pairs 
cDNA Complementary DNA 
dATP Deoxyadenosine triphosphate 
dCTP Deoxycytosine triphosphate 
DEPC Diethylpyrocarbonate 
dGTP Deoxyguanosine triphosphate 
DNA Deoxyribonucleic acid 
dTTP Deoxythymine triphosphate 
DMSO Dimethyl sulfoxide 
EDTA Ethylene diamine tetraacetic acid 
E. coli Escherichia coli 
IPTG Isopropyl-1 -thio-p-galactosidase 
kb kilobase(s) 
MOPS 3-[N-Morpholino] propanesulfonate 
nt Nucleotide(s) 
PCR Polymerase chain reaction 
RNA Ribonucleic acid 
SDS Sodium dodecyl sulfate 
丁ris Tris (hydroxymethyl) aminomethane 
X-gal 5-bromo-4-chloro-3-indolyl-p-galactoside 
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Chapter One Literature Review 
1.1 Introduction 
Rice {Oryza sativa L.) is a dominant staple food providing about 70% of the 
daily calories for about half of the world's population. Given the predicted rise of the 
world's population, it is likely that rice consumption and demand will increase over 
the coming years. If some improvements can be done on rice cultivation, higher yields 
can be attained to meet the high demand. Application of molecular techniques will 
help to achieve a better yield of rice. Also, as one of the most important cereal plants, 
rice, was selected for genome sequencing in 1991 and working drafts of the genome 
sequence has been finished (Jun et aL, 2002; Goff et al, 2002; IRGSP, 2002). The 
advent of rice genome research enables us to better understand the physiology, 
evolution and molecular mechanism of rice development, which will finally lead to 
increases in rice yield, improvement in grain quality to help ease the problem of food 
shortage. 
Rice is a monocotyledonous plant, belonging to the family gramineae. This is an 
annual grass with erect, hollow stems, sheath, sword-like leaf and a terminal panicle. 
Leaf is the major plant pari to convert carbon dioxide into carbohydrates by 
photosynthesis, and its development will directly affect yield. Recently, leaf 
development was extensively studied in maize (monocot: Gray et al.’ 2002), tobacco 
(dicot: Baxter et aL, 2003) and Arabidopsis (dicot: Theodoris et a\., 2003), but not 
rice. 
The rice leaf is a blade-shaped simple leaf. Along the proximal / distal axis, rice 
leaves can be divided into five domains: sheath, collar, auricle, ligule and blade. 
Along the adaxial / abaxial axis, the rice blade can be further divided into upper 
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epidermis, mesophyll, vascular bundle (xylem and phloem) and lower epidermis. 
Epidermis includes epidermal cell, trichome, stomata and bulliform cells. 
According to visible changes, rice leaf development can be classified into three 
stages: primordium formation, leaf expansion, and leaf senescence. During 
primordium formation, leaf morphogenesis is initiated slightly below the shoot apical 
meristem (SAM). During leaf expansion, the leaf grows to maturation and begins to 
function as a photosynthetic organ. During the last stage, leaf senescence, nutrients in 
the leaf, especially nitrogen, are remobilized into newly emerging organs under a 
programmed pathway and then the leaf begins to die. 
Rice leaf development is an ordered sequence of changes in morphology and 
function over time. During leaf development, cell shape, cell division, the position of 
differentiation of cell types, and the number of leaves are precisely controlled by 
coordinated expression of specific genes. Besides genetic and hormonal factors, leaf 
development is also influenced by environmental factors such as light and 
temperature. 
Until now, research about genes expression during rice leaf development has only 
focused on leaf initiation (Sato et al.’ 1996) and leaf senescence (Lee et al., 2001). 
There is no detailed study on gene expression during rice leaf expansion, which is the 
stage useful for elucidation of the relationship between leaf morphology and function. 
Systematic analysis of genes expression during this stage would be useful to gain a 
thorough understanding of this complex biological process. Meanwhile, this analysis 
can also be used to infer the function of novel genes according to those 
well-characterized genes that share similar expression patterns during leaf expansion. 
In this study, expression profiles of leaf genes during early vegetative stage will be 
investigated using RNA arbitrarily primed polymerase chain reaction (RAP-PCR) and 
cDNA microarray. A thermosensitive genie male sterile strain, Pei'ai 64S will be used 
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in this study, which has a major background of indica and a minor background of 
japonica and Javanica, and is the maternal cultivar of many hybrid rice cultivars in 
China such asLYP9. 
1.2 The life cycle of rice 
Growth of the rice plant can be divided into three phases: vegetative 
(germination to panicle initiation; 0-3)，reproductive (panicle initiation to flowering; 
4-6), and ripening (flowering to mature grain; 7-9). Fig. 1.1 shows the life cycle of the 
rice plant with a 0-9 numerical scale where each scale number corresponds to a 
specific growth stage. Typically, the reproductive phase and the ripening phase are 
about 35 days and about 30 days respectively. It takes around 110-130 days for a rice 
plant to mature and the growth duration is different among strains, mainly in length of 
the vegetative phase. 
Seeds are pre-germinated by soaking and incubating for two days. After 
pre-germination, the radicle and plumule protrude through the seed coat (stage 0). 
After a few days, the first leaf breaks through the coleoptile and begins the seedling 
stage. During the seedling stage, seminal roots and up to five leaves develop until just 
before the first tiller (stage 1). When the seedling continues to grow, two more leaves 
develop and secondary adventitious roots replace the temporary radicle and seminal 
roots (stage 2a). Tillers begin from the auxiliary buds of the nodes and the primary 
tillers give rise to secondary tillers (stage 2b) and even tertiary tillers (stage 2c). The 
tillers increase in number and height continuously, and growth duration is related to 
stem elongation (stage 3). 
The initiation of the panicle primordium at the tip of the growing shoot shows 
the start of the reproductive phase. The panicle primordium becomes visible about ten 
3 
days after initiation. At this stage, three leaves will still grow out before the panicle 
finally emerges, which is a white feathery cone (stage 4). The young panicle increases 
in size and its upward extension inside the flag leaf sheath causes the leaf sheath 
bulges and it occurs first in the main culm and then in tillers which emerge in uneven 
pattern. As the panicle continues to grow, the spikelets become distinguishable and 
the leaves at the base of the plant become senescence and turn in yellow color. The 
panicle continues to emerge until it partially or completely protrudes from the sheath 
(stage 5). Then the flowering (stage 6) occurs. Generally, it takes about seven days for 
all spikelets in a panicle to open and at this stages, about five leaves at the top are still 
active. 
In the milk grain stage (stage 7)，the grain has begun to fill with white, milky 
fluid. During the dough grain stage (stage 8)，the panicles begin changing to a yellow 
color and the milky portion of the grain turns to soft dough and then into hard dough. 
At the mature grain stage (stage 9)，the grains turn brownish yellow and fully develop 
and the flag leaves dry up. When the seeds land on suitable environment, they 
germinate which completes the life cycle. 
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Fig. 1.1. The growth stages of rice plant. (From International Rice Research Institute: 
http: //www, knowl edgeb ank.irri. om) 
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1.3 Physiological and molecular studies on rice leaf development 
1.3.1 Physiological study of rice leaf development 
1.3.1.1 Leaf primordium formation and SAM 
In higher plants, the root apical meristem (RAM) and shoot apical meristem 
(SAM) are the source of new cells and as sites of organ formation. Leaves, stems and 
auxiliary buds are continuously formed at SAM, and at the same time maintains itself 
as a population of self-renewing initial cells (Evans and Barton, 1997). Under the 
scanning electron microscope, bud-like leaf primordia are developed on the flanks of 
SAM in a defined arrangement, whereas the initial cells still reside in the center of the 
SAM. It is thought that leaf primordium formation is initiated by partitioning of the 
meristem which then migrates into a region that contains leaf founder cells, a group of 
cells recruited within SAM. The founder cells then differentiate and give the identity 
to different cell types and finally, these differentiated cells form the leaf primordium. 
Leaves are produced repeatedly from the shoot apical meristem (SAM) at regular 
intervals (plastochron) and in particular positions (phyllotaxy) around the peripheral 
region of the SAM (Nishimura et al, 2002). Primordium formation includes two 
processes involving; first, different cell types that are arranged in the individual 
primordium; and second, the arrangement of different primordia on the SAM. These 
two processes can happen at the same time and the latter is known as the patterning of 
leaf primordium. Patterning within the primordia gives the shape of the leaf, but 
patterning of primordia on the SAM gives the arrangement of the leaf. In rice, the leaf 
primordia arise in a distichous phyllotaxy, i.e., 180° apart. 
Based on anatomical features and cell division patterns, SAM structure can be 
classified as central zone, peripheral zone and rib zone (Itoh et al., 2000). The central 
zone is located in the center of the SAM and acts as a pool of undifferentiated, 
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indeterminate cells, in which cell division is slower than the surrounding cells. The 
peripheral zone surrounds the central zones and is the site for leaf formation. The rib 
zone is located in the proximal region, which supplies the cells that form the body of 
the stem. However, the SAM can be viewed in terms of clonally distinct cell layers 
(LI, L2, and L3). The outermost layer,LI, comprises epidermal cells that divide only 
anticlinally (along a plane at right angles to the outer surface). Cells in the inner L2 
and L3 layers divide both anticlinally and periclinally (parallel to the surface) and give 
rise to the inner tissues of the leaves and stem (Itoh et al.’ 2000). 
1.3.1.2 Leaf expansion and water status 
In monocot leaves, cell division is accompanied by cell expansion whereas cell 
division rate of leaf play an important role in controlling of leaf expansion (Halim et 
al., 1995). Expanding leaves are very sensitive to light, temperature and soil water 
status. When the plant subjected to soil water deficit, the primary response is rapid 
decreasing in growth via inhibition of cell expansion presumably (Chazen et al., 1994) 
and this can lead to reductions in the final size and yields of crop plants (Boyer et al., 
1982). 
Water stress may limit cell expansion by decreasing the water potential gradients 
driving water uptake and affect the turgor pressure that drives the expansion of the 
cell walls. A small fall in water potential and turgor pressure may be enough to cause 
leaf expansion to cease or to be reduced greatly. In intact maize seedlings, the early 
inhibition of leaf growth by water stress applied to the root resulted in rapid reduction 
the extensibility of cell walls in the elongation zone. Moreover, both the extensibility 
of leaf cell walls and leaf growth in maize were increased within 20 minutes by 
removing water stress (Chazen et al.’ 1994), revealing that soil water status has close 
relationship with leaf expansion. 
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1.3.1.3 Leaf senescence and phytohormone 
Leaf senescence represents the final stage of leaf development and is 
characterized by the transition of nutrient from assimilation to remobilization in order 
to sustain the growth of young developing tissues (Masclaux et al., 2000). This 
process is affected by many internal and external factors. The internal factors include 
developmental stages and phytohormone levels whereas the external factors include 
temperature, drought, nutrient deficiency, wounding, and pathogen infection. 
Leaf senescence is controlled by phytohormones. Although all hormones may 
play a role in leaf senescence, three plant hormones, cytokinin (Smart et al,, 1991), 
abscisic acid (ABA: Fedoroff et al., 2002), and ethylene (Chang et al., 2001) were 
shown to regulate rice leaf senescence. Ray and his colleagues (1983) showed the 
opposite function of cytokinin and ABA in rice leaf senescence where cytokinin 
delays leaf senescence but ABA and ethylene promote leaf senescence. When rice 
leaves were sprayed with ABA and kinetin (one kind of cytokinin) at the reproductive 
stage respectively, it was found that kinetin significantly delayed senescence as 
indicated by higher total chlorophyll content and protein levels in the three uppermost 
leaves compared with the controls. In contrast, spraying with ABA significantly 
promoted foliar senescence. Also, Yang et al. (2002) found that under the condition of 
water-deficiency, leaf senescence was induced and endogenous ABA in leaves 
increased while cytokinin decreased, showing that plant hormones are closely related 
to leaf development, controlling the duration of leaf senescence. 
1.3.1.4 Rice leaf and temperature 
Temperature is one of the major factors that affect rice leaf development and 
function. Under different temperatures, the metabolism of the rice leaf will adjust and 
lead to physiological changes such as transpiration rate, photosynthesis rate, 
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chlorophyll and ribulose-1,5-bisphosphate carboxylase (Rubisco) content. Also, Chen 
et al. (2001) showed that temperature was one of the main factors affecting the 
transpiration rate of rice using stepping multi-regression analysis. On the other hand, 
effects of growth temperature on photosynthesis were examined in young, fully 
expanded leaves of rice (Makino et al, 1994). Plants were grown under three 
temperature regimes: 18/15 C (day/night), 23/18 C, and 30/23 C. The ratio of the 
initial slope to the C02-saturated photosynthesis, total chlorophyll and 
light-harvesting chlorophyll a/b protein II increased with rising growth temperature. 
However, there was no difference in Rubisco content and activity among temperature 
treatments. Plants grown at 23/18 C and 30/23 C gave the same amounts of 
cytochrome f, coupling factor 1, and the same activities of cytosolic 
fructose-1,6-bisphosphatase (FBPase) and sucrose phosphate synthase (SPS). Plants 
grown at 18/15 C gave a slight decrease in the amounts of cytochrome f and coupling 
factor 1 but an increase in the activities of cytosolic FBPase and SPS (Makino et al, 
1994). 
Cool temperature induced chlorosis (CTIC) in a sensitive cultivar (cv 
Surjamukhi) was investigated using seedlings grown in darkness under cool 
temperatures and then exposed to light and warm conditions (Yoshida et al., 1996). It 
was revealed that induction of CTIC was temperature dependent and maximal CTIC 
was induced between 15 C and 17 C. Meanwhile, accumulation of 
NADPH-protochlorophyllide oxidoreductase (NADPH-POR) in plastids was also 
temperature dependent and minimum accumulation happened between 15 C and 17 C 
The reduction of NADPH-POR accumulation in plastids was suggested to be closely 
linked to a disturbance in transformations of plastids to etioplasts during the dark 
growth under critical temperatures and thereby resulting in the CTIC phenomenon 
(Yoshida et al, 1996). 
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Besides, Komatsu et al. (1997) demonstrated that protein phosphorylation in 
leaves was related to low temperature and this phenomenon was clearly shown in the 
cold sensitive rice variety IR36. Two week old rice seedlings were grown at low 
temperature (5°C) for 6 hours at a relative humidity of 100% and then leaf protein 
extracts were phosphorylated in vitro. It was shown that cold stress stimulated the 
phosphorylation of a 60 kDa protein in IR36 while in the cold tolerant rice variety, 
Kitaibuki, this protein had already been phosphorylated. This suggested that growth 
temperatures affect the physiology of plants and influence the plant's metabolism. 
1.3.2 Molecular study of rice leaf development 
1.3.2.1 Leaf primordium formation and SAM 
As mentioned above, leaf development has been investigated at the physiological 
level and found that some SAM cells differentiate into leaf primordia. At the 
molecular level, Oryza saliva homeobox genes (OSH), shootless genes (SHL) and 
OsPNHl gene were studied. Their expression is correlated to SAM differentiation and 
alteration of leaf primordium formation in rice. Rice KNOX genes (Oskn2 and Oskn3) 
and shoot organization genes (SHO) were suggested to play an important role in leaf 
patterning by maintaining the proper structure and organization of the SAM. 
O S H gene 
Homeobox genes were firstly described in Drosophila (McGinnis et al, 1984) 
and were found to be key regulatory genes in animal development. The first plant 
homeobox gene, knotted-1 (Knl) was identified in maize and showed a dominant 
mutation for leaf development (Vollbrecht et al,, 1991). 
Many Oryza saliva homeobox (OSH) genes have been isolated and sequenced 
(Matsuoka et al., 1993; Sentoku et al, 1999). Like other homeobox genes, OSH genes 
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contain a highly conserved helix-tum-helix DNA binding motif (homeobox) and act 
as transcription factors by binding to specific cw-regulatory regions in their target 
genes. Besides, OSH genes as a leaf morphology regulator was tested by 
overexpressed OSH genes in transgenic plants, including rice (Ito et al., 2001), 
Arabidopsis thaliana (Matsuoka et al, 1993) and tobacco (Sato et al., 1996). 
The OSH 1 gene was homologous to the maize Kn 1 gene and is the best studied 
among all identified OSH genes. OSHl expressed in the shoot apices of young rice 
seedling (Matsuoka et al,, 1993). Also, the OSHl gene contains two functionally 
independent promoters which can generate a larger transcript and a smaller transcript 
respectively. It was suggested that only the larger transcript alters the expression of its 
target genes and consequently causes abnormal leaf morphologies (Tamaoki et al., 
1996). Moreover, transgenic Arabidopsis thaliana carrying OSHl under control of the 
35S promoter, formed clumps of abundant vegetative and reproductive shoot apices 
containing meristems and primordia, but did not form elongated shoots. The severity 
of the abnormal phenotype is related to the expression level of the introduced OSHl 
gene and this revealed that OSH 1 gene was involved in plant development processes 
(Matsuoka et al., 1993). In tobacco plants carrying the OSHl , with the promoter of 
tobacco pathogenesis-related protein (PRla), the leaves were morphologically 
abnormal, showing wrinkled and/or lobed leaves (Sato et al., 1996). In these 
experiments, transgenic OSHl was expressed only in SAM and in very young leaf 
primordia but not in mature leaves. It was observed that abnormal periclinal (rather 
than anticlinal) division in mesophyll cells during leaf blade initiation disrupts the 
mesophyll cell layers and resulted in morphologically abnormal. Although the 
functions and regulatory mechanisms of the OSH genes are still not well characterized, 
it is thought to work as regulator not just on development but also as a switch to 




The OsPNHl gene is homologous to the Arabidopsis PINHEAD / ZWILLE 
(PNH/ ZLL) gene, belonging to a novel gene family that is highly conserved from 
eukaryotes to prokaryotes (Lynn et ai, 1999; Moussian et al, 1998). One possible 
function of OsPNHl is to maintain the cell state in SAM. In the SAM, only weak 
expression was detected in the central region, whereas strong expression was 
observed in the mid-vein region of leaf founder cells in the peripheral SAM domain. 
Around the SAM, OsPNHl was expressed strongly in developing leaf primordia, 
specifically in the presumptive vascular domains, a few cell-layers of the adaxial 
region, developing vascular tissues, and future bundle sheath extension cells. When 
anti-sense OsPNHl was introduced in rice under the control of Actl promoter, almost 
all of the transgenic rice plants showed malformed leaves with a dwarf phenotype 
(Nishimura et al.’ 2002), showing that OsPNHl is not only related to SAM 
maintenance, but also in leaf formation. 
S H O gene 
The SHO gene appears to regulate spatial and temporal patterns of leaf primordia 
initiation by maintaining the SAM organization during the early vegetative phase. The 
pattern of leaf initiation was analyzed by using shoot organization (sho) mutants. In 
the early vegetative phase, sho mutants have an increased rate of leaf production with 
random phyllotaxy. As a result, the threadlike, short and narrow leaves are formed. 
Also, their SAMs were relatively low and wide, in flat shape. However, rapid and 
random leaf production in sho mutants is correlated with frequent and disorganized 
cell divisions in the shoot meristem and with a reduction of expression of a rice 
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homeobox gene, OSHI . These changes in the organization and behavior of the SAM 
suggested that sho mutants have fewer indeterminate cells and more determinate cells 
than wild type. Thus, SHO genes were inferred to have an important role in 
maintaining a normal initiation pattern of leaf primordia (Itoh et al., 1999). 
1.3.2.2 Leaf elongation and related genes 
In grasses, leaf elongation is confined to a basal elongation zone located near the 
point of leaf attachment to the node. Leaf longitudinal expansion is dependent on 
irreversible expansion of cells located at this basal region. However, cell and tissue 
expansion are generated by turgor driven wall extension (Tomos and Pritchard, 1994) 
whereas vacuole plays an important role in controlling of turgor pressure in plants. 
Maize {Zea mays) tonoplast aquaporin cDNA, ZMTIPl, showed high expression 
level in the actively dividing tissues such as root meristem and young expanding leaf 
(Chaumont et al., 1998), revealed that permeability of tonoplast was increased. Also, 
rapid elongation of plants cells needs an extensive uptake of solutes coupled with the 
uptake of water, resulting in the formation of vacuolar compartment. This mechanism 
uses to maintain the turgor pressure for cell expansion where rapid cell expansion 
may require a high water permeability of the tonoplast to support water entry into the 
vacuole. 
1.3.2.3 Leaf senescence and related genes 
Senescence-associated genes have been studied in many plant species such as 
Arabidopsis thaliana (He et al., 2002), barley (Kleber-Janke et al., 1997), and tomato 
(Drake et al., 1996). However, there are only a few studies in rice, mainly focusing on 
physiological and cytological studies (Lutts et al., 1996). 
Leaf senescence involves fatty acid metabolism and degradation of proteins and 
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other useful materials, followed by transportation of some of the degraded products to 
other parts of the plant. The process operates in an age-dependent manner, and is also 
affected by both internal and external factors. Besides, it is regulated by co-ordinated 
expression of specific genes which take part in degradation or remobilization of 
biomolecules and protect cell viability for completion of the senescence process. 
During leaf senescence, the expression levels of the genes encoding for 
aminotransferase, branched-chain a-keto dehydrogenase, 4-hydroxyphenylpyruvate 
dioxygenase and P-methylcrotonyl-CoA carboxylase for amino acid metabolism are 
enhanced. Also, the genes encoding 3-ketoacyl CoA thiolase and isocitrate lyase that 
are involved in fatty acid degradation and remobilization are expressed at higher 
levels. Apparently, amino acid and fatty acid degradation and nitrogen remobilization 
are very important biochemical events which occur during leaf senescence (Lee et al., 
2001). 
Moreover, a number of genes coding for proteinases associated with leaf 
senescence, including cysteine proteinases of Arabidopsis (Lohman et al., 1994), 
serine proteinases of parsley (Jiang et al., 1999), and aspartic proteinases of Brassica 
(Buchanan-Wollaston and Ainsworth, 1997) have been identified. 
1.3.2.4 Photoreceptor genes 
Light is one of the most important environmental factors that control leaf 
development. There are two mechanisms by which light may affect transcription of a 
gene: 1) via direct signal transduction from a photoreceptor to transcriptional 
regulators; or 2) through the action of the circadian clock which plays a key role in 
many physiological processes and adoptions to seasonal changes. 
The light signal is detected by distinct photoreceptors that mediate 
developmental responses such as red/far-red light receptors (phytochrome: Pr and Pfr) 
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and blue/UV light receptors (cryptochromes and phototropins). The absorption spectra 
of the red/far-red light and blue/UV light receptors overlap with those of the 
photosynthetic pigments such as chlorophyll a, allowing coordinated control of leaf 
development. Subsequently more than one type of phytochrome has been identified 
and phytochrome (PHY) genes were found to be encoded by a small multigene family. 
The PHY genes are the best-characterized plant photoreceptors which play a key role 
in photomorphogenesis. However only three PHY genes: PHYA, PHYB and PHYC, 
have been identified in rice and were classified into two groups, light-labile and light 
stable (Dehesh et al., 1991; Tahir et al； 1998). 
Phytochromes 
PHYA, which is light-liable and the predominant phytochrome in etiolated 
tissues, is responsible for absorption of far-red light (Takano et al” 2001). The 
seedlings of phyA mutants grown in continuous far-red light showed the same 
phenotype as dark-grown seedlings, indicating the insensitivity of phyA mutants to 
far-red light (Takano et al., 2001). 
PHYB is a low-abundance, light-stable phytochrome, which is responsible for 
the photoperception of red light and functions as a red/far-red light reversible 
molecular switch. PHYB appears to control the hypocotyl length in seedlings. 
Overexpression of PHYB is tightly correlated with a short hypocotyl phenotype in 
transgenic seedlings. This phenotype is strictly light dependent, thus providing direct 
evidence that PHYB is a biologically functional photoreceptor (Wagner et al., 1991). 
PHYC mRNA levels are constitutive in rice seedlings with relatively low 
expression compared to that of PHYA and PHYB (Basu et al. 2000). Its 
physiological function has not been determined yet in rice. Overexpression studies in 
transgenic Arabidopsis (Qin et al., 1997) and tobacco (Halliday et <3/., 1997) 
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suggested that PHYC play a possible specific role in photo-regulated leaf expansion. 
From the foregoing, it is apparent that phytochromes regulate a number of 
common photomorphogenic phenomena, but in response to different light qualities. 
Phototropins 
In plants, there are several blue-light receptors, which regulate different aspects 
of growth and development. Phototropin is a class of flavoprotein photoreceptors 
sensitive to blue light and takes a role in plant phototropic responses, light-induced 
chloroplast movement (Sakai et al., 2001) and stomatal opening (Kinoshita et al,’ 
2001). Phototropin plays a role in blue light dependent autophosphorylation of a 
serine/threonine kinase that binds two flavin mononucleotide (FMN) molecules. Each 
FMN molecule is bound to LOV (for light, oxygen and voltage) domains at the N 
terminaus (Briggs et al., 2001). When LOV domains of rice, PHOTl and PH0T2 
were expressed in Escherichia coli, photocycle was characterized by fluorescence and 
absorption changes induced by blue light (Kasahara et al., 2002). 
Cryptochromes 
Cryptochromes are nuclear proteins similar to photolyases but without 
photolyase activity. They are ultraviolet-A photoreceptors and work together with 
phytochromes and chromophores to regulate photomorphogenic responses, including 
growth and regulation of cell elongation (Lin et al., 2002). Cryptochromes also have 
been shown to mediate a variety of light responses such as control of circardian 
rhythms (Cashmore et al., 1999) and regulation of hypocotyl growth and flowering 
time in Arabidopsis (Ahmad et al., 1993). However, the mechanisms, components and 
detailed signal transduction pathways are still not well understood in rice. 
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1.3.2.5 Temperature-regulated genes 
Temperature is another major environmental factor that affects gene expression 
during rice leaf development. Genes sensing changes in temperature are believed to 
be related to leaf development and high temperature significantly induced genes 
involved in self-defense and stress responses in rice (Agrawal et al., 2002). It was 
demonstrated that the expression of OsMSRMK2 was enhanced within 15 min at 
37 °C (high temperature) but remained unchanged at either 25 °C or 12 °C (cold) in 
leaves whereas OsMSRMK2 is one member of the MAPK (mitogen-activated protein 
kinase) family and MAPK cascades are believed to be one of the major signaling 
pathways regulating a wide range of cellular activities from growth and development 
to cell death. 
Under cold temperature, two heat-generating proteins in mitochondria, which 
were encoded by nuclear genes, were studied (Watanabe and Hirai, 2002). It was 
found that gene expression for an alternative oxidase (AOX1 a) was strikingly 
enhanced in 2-day-cold-treated leaves of rice, while expression of two genes for 
uncoupling proteins (UCPs), OsUCPl and OsUCP2, did not express due to the lack of 
processing of pre-mRNAs under cold environment. 
Expression of OsHSP26, encoding the chloroplast-localized small heat shock 
protein (smHSP) was investigated (Lee et al., 2000). After heat-treatment for 2 hours, 
transcripts were not detected in leaves at the control temperature (25°C), but were 
accumulated at a maximum level at 42°C. It was suggested that the chloroplast 
smHSP plays an important role in protecting the chloroplast against damage caused 
by heat stress. 
From the experiments and observation obtained above, it is very clear that leaf 
primordium formation is closely related to SAM cell differentiation and shows how 
developmental stages and environmental factors affect the gene expression. As a 
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major senor for detection of the changing environment, the leaf plays a critical role in 
growth and development of the plant. The majority of gene expression studies have 
focused on leaf initiation (Sato et al., 1996) and leaf senescence (Lee et al., 2001) 
whereas gene expression studies between these two stages is very scarce. Because of 
the gap exists, more studies are needed to obtain more information on this aspect in 
order to have a better understanding on the overall development mechanism. 
1.4 Prospectus 
Rice is an important cereal plant which provides staple food for the world 
population. Understanding its developmental mechanisms could help plant breeders 
and geneticists to improve the quality and crop yield, which can meet the demand in 
the next several decades. With the help of transgenic techniques, rice can be 
genetically engineered to provide better cultivars. 
Recently, drafts of rice genome sequence have been completed as well as three 
finish chromosomes 1, 4 and 10. Also, many research groups have employed different 
methods such as differential library screening to isolate and identify developmental 
genes of rice. Although a number of genes have been characterized in the leaf 
initiation or senescence patterning, very few genes have been connected with rice leaf 
development. More effort is needed for us to have a more comprehensive 
understanding of rice leaf development. 
In this project, three developmental stages of the third leaf at the early vegetative 
phase of Pei'ai 64S strain - primordium, half expanded leaf and fully expanded leaf 
were studied in the hope of obtaining genes that are related to leaf development. The 
methods of RNA arbitrarily primed polymerase chain reaction (RAP-PCR) and cDNA 
microarray were used to isolate and identify differentially expressed genes during the 
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leaf development. Also, with the help of DNA sequencing techniques and together 
with the rapid growth of high quality sequence and functional database, the isolated 
genes can be identified. Moreover, some interested genes will be selected for 
Northern Blot hybridization to confirm the expression patterns or infer their functions 
by carry out functional assays. This thesis thus provides more understanding on the 
development of rice. 
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Chapter Two Isolation of Genes Differentially Expressed During 
the Development of Rice by RAP-PCR 
2.1 Introduction 
The identification of differentially expressed genes is very important in the 
studies of biological processes such as cell differentiation and development. Most of 
these biological processes have programs of differential gene expression. Effective 
methods are needed to isolate those genes that are expressed in various cell population 
at a given time. 
Differential screening of cDNA libraries (St. John and Davis, 1979) and 
subtractive hybridization (Sargent and Dawid, 1983) are two common methods to 
study differentially expressed genes. Although these techniques have been applied 
successfully, they have several disadvantages: they are labor intensive and time 
consuming, and require a large amount of RNA to produce representative cDNA 
libraries. Due to these drawbacks, PCR based methods such as differential display 
(Liang and Pardee, 1992) and RNA fingerprinting of arbitrarily primed PCR 
(RAP-PCR: Welsh et al,’ 1992) are used to study differential genes expression. 
RAP-PCR and differential display are two similar methods that generate 
semi-quantitative RNA fingerprinting for allowing multiple samples to be analyzed at 
the same time. These methods have been applied in a wide verity of research areas 
such as identification of genes differentially expressed between normal and tumor 
cells in mammary epithelium (Liang et al., 1992) and ovarian epithelium (Mok et al., 
1994)，differentially regulated genes restricted to rheumatoid arthritis synovial 
fibroblasts (Neumann et al., 2002), and sex-specific genes from Oesophagostomum 
dentatum (Boag et al,, 2000). These methods have been also applied to Trypanosoma 
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Fig. 2.1. Outline of RAP-PCR. An arbitrary primer is used to generate the first 
strand and second strand of cDNA. The second strand of cDNA can be amplified 
by standard PCR using the original primers. (McClelland et al, 1995) 
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(Murphy and Pelle, 1994) and Plasmodium (Thelu et al., 1994). 
The major difference between these two methods is the use of an arbitrary primer 
in RAP-PCR or an oligo-dT base primer in differential display for reverse 
transcription followed by low stringency PCR amplification using the reverse or same 
primer in RAP-PCR or in combination with an additional arbitrary primer in 
differential display. 
RNA fingerprinting by RAP-PCR is based on the use of an arbitrary primer to 
amplify partial cDNA sequences (Fig. 2.1). The primer used in the first step of reverse 
transcription, selecting those regions internal to the RNA that have 6-8 base matches 
with the 3’ end of the primer. Then arbitrary priming of the resulting first strand of 
cDNA with the same or a different arbitrary primer and following PCR. This method 
can be used on RNAs that are not polyadenylated like many bacterial RNAs. 
RAP-PCR provides a simple and fast method to study differential gene 
expression. It lies in the higher probability to amplify the regions far from the 3’ end 
of mRNA for permitting an easier way to identify of genes. Also, both up and down 
regulated genes can be detected using small amounts of RNA. On the other hand, it 
has some limitations; especially the rare transcripts are under-represented in RNA 
fingerprints and a high incidence of false positive results have been reported. 
(McClelland et al, 1995) 
'Reverse dot blot hybridization' was described by Kafatos et al. (1979) as a 
method to screen false positive from RAP-PCR. The clones from the primordial 
cDNA library are randomly selected out to perform PCR and dotted onto membranes 
in several copies. Each copy is then hybridized with RAP-PCR probes that derived 
from three developmental stages of rice leaf: primordium, half expanded leaf and 
fully expanded leaf. Any difference in hybridization signal of the same dot on 
different copies of membranes indicated the relative amount of transcripts in the RNA 
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samples. The combination of RAP-PCR fingerprint and reverse dot blot hybridization 
provides an easy way to screen the cDNA library and the genes showing difference 
expression level can be isolated. 
2.2 Materials and Methods 
2.2.1 Strains and culture condition 
Pei'ai 64S strain was used in this project and the seeds come from Hunan Hybrid 
Rice Research Center, Changsha, China. Three developmental stages of the third leaf 
of rice during vegetative phase were studied: primordium, half expanded leaf and 
fully expanded leaf. The third leaf was selected because samples can be easily to 
collect and it is the mid stage before tiller where tiller begins at fifth leaf. 
Seeds were generated on wet tissues and incubated at 37°Cin totally dark for 
about 48 hours, then the seedlings were planted into soil and placed outside the green 
house (temperature range from 26-33 °C, relative humidity around 80%). 
Primordia (embedded inside the plant), half expanded leaf (around 10cm in 
length), and fully expanded leaf (around 21cm in length) were cut out from the plant 
and immediately frozen in liquid nitrogen. Samples were stored in -70°C until use. 
2.2.2 Isolation of total RNAs 
Total RNA from the three developmental stages were isolated by Tri-Reagent® 
(Molecular Research Center, Inc.). The sample was pulverized in a frozen mortar with 
liquid nitrogen, then 1ml Tri-Regent® together with O.lg tissue sample powders were 
transferred into an eppendorf tube. The mixture was vortexed at medium speed for 15 
min at room temperature, then cell debris was pelleted by centrifugation at 12,000g 
for 10 min at 4°C. The clear supernatant was transferred to a new eppendorf tube with 
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0.2ml chloroform and vortexed vigorously for 15 seconds. The mixture was kept at 
room temperature for 5 min and centrifuged at 12,000g for 15 min at 4°C. Following 
centrifugation, the colorless upper aqueous phase was transferred to a new eppendorf 
tube, then 0.25ml isopropanol and 0.25ml of high salt precipitation solution (0.8M 
sodium citrate, 1.2M sodium chloride) were added and mixed by inverting 5 times. 
The sample was stored at room temperature for 10 min. Then RNA was pelleted by 
centrifugation at 12’000g for 8 min at 4°C. The RNA pellet was washed by 70% 
ethanol and subsequent centrifugation at 12,000g for 5 min at 4°C. Ethanol was 
removed and briefly air-dried the RNA pellet for 10 min and dissolved in 20\x\ 
DEPC-treated water. 
Purify and the concentrations of RNA preparations were assayed by 
spectrophotometric measurements (OD260 and O D 2 8 0 ) . The integrity of the RNA 
preparations was inspected with 1% agarose gel electrophoresis in IX TBE (89mM 
Tris, 89mM boric acid and 2mM EDTA). 
2.2.3 cDNA Library construction 
2.2.3.1 First strand synthesis 
Smart'" cDNA Library Construction Kit (Clontech) was used to construct 
primordial cDNA library of Pei'ai 64S. The reaction mixture containing 3|ag of total 
RNA, l|al of SmartlV'M oligonucleotide, 1|J1 of CDS III and deionized water was 
added to 5|aL The contents were mixed and centrifuged briefly, then incubated at 72°C 
for 2 min and cooling on ice for 2 min. Centrifuged briefly again to collect the 
contents at the bottom. The reagents including 2[i\ 5X first strand buffer, l|al of DTT 
(20mM), l|al of dNTP (lOmM) and 1|LI1 of PowerScrip广 reverse transcriptase were 
added to the contents. The contents were incubated at 42°C for 1 hour after mixing. 
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2.2.3.2 cDNA amplification by LD PGR 
The reagents including 2^1 of first stranded cDNA, 80fil of deionized water, 10^1 
lOX Advantage® 2 PGR buffer, of 50X dNTP mix, 2^1 of 5' PGR primer, of 
CDS III and 2[i\ of 50X Advantage® 2 polymerase mix were combined and mixed by 
flicking the tube, then centrifuged briefly to collect the contents. The thermal cycling 
parameters were as followings: 95°C for 1 min, and additional 23 cycles with 95°C 
for 15 sec and 68°C for 6 min. Five )il of PCR product was analyzed on 1.1% agarose 
gel. 
2.2.3.3 Proteinase K digestion 
Two }il of Proteinase K (20g/|»il) was added to 50|il of the amplified ds cDNA 
and stored the remaining ds cDNA in -20°C. The tube was incubated at 45°C for 20 
min and 50|al of deionized water was added. lOOjal of phenol: chloroform: isoamyl 
alcohol was added and mixed by continuous gently inversion for 2 min. Phase was 
separated by centrifugation at 14,000rpm for 5 min and the aqueous layer was 
transferred to an eppendorf and 100}al of chloroform: isoamyl alcohol was added. The 
tube was mixed by gentle inversion for 2 min and centrifuged at 14,000rpm for 5 min. 
The aqueous layer was transferred to an eppendorf again and 10|al of 3M sodium 
acetate, 1.3^1 of glycogen (20|ig/|al) and 260|al of 95% ethanol were added and 
centrifuged at 14,000rpm for 20 min at room temperature immediately. The 
supernatant was discarded and washed the pellet with lOO^I of 80% ethanol. The 
pellet was air dried to evaporate off residual ethanol and 19\i\ of deionized water was 
added to resuspend the pellet. 
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2.2.3.4 Sfi I digestion 
The digestion reaction mixture containing 19\x\ of cDNA, 10|li1 lOX Sfi buffer, 
10|al of Sfi enzyme and l|al lOOX BSA were incubated at 50。C for 2 min. Then 2|al 
of 1 % xylene cyanol dye was added to the tube to carry out fractionation. 
2.2.3.5 cDNA size fractionation by CHROMA SPIN™ - 400 
Sixteen eppendorfs were labeled and the CHROMA SPIN™ - 400 was prepared 
by carrying out drip procedure. After dripping out the storage buffer of the column, 
700|i丨 of column buffer was added and allowed to drip out. When the buffer stopped 
dripping, 100|il of Sfi-digested cDNA with xylene cyanol dye was added to the 
surface of matrix. After the sample was fully absorbed into the matrix, 100^1 of 
column buffer was added to wash the column and allowed the buffer to drip out again. 
The labeled eppendorfs were used to collect the column outlet. 600^1 of column 
buffer was added to collect the single-drop fractions (~35|LI1 per tube) in the labeled 
eppendorfs. 3|al of each fraction was electrophoresed on 1.1% agarose gel. The first 
three fractions containing cDNA were pooled and adding 1/10 volume of sodium 
acetate (3M, pH 4.8), 1.3^1 of glycogen (20mg/ml) and 2.5 volume of 95% ethanol. 
The mixture was incubated in -20°C overnight and centrifuged at 14,000rpm for 20 
min at room temperature. The supernatant was removed and the pellet was air dried 
for 10 min, then resuspended in 7)il of deionized water and mixed gently. 
2.2.3.6 Ligation of cDNA to 入TripEx2 vector 
One |al of cDNA, 1|LI1 of vector (500ng/|_il), 0.5|ul lOX Ligation buffer, 0.5|_il of 
ATP (lOmM), 0.5|al of T4 DNA Ligase and deionized water were added up to 5|al. 
The mixture was incubated in 16°C overnight. 
Gigapack® III Gold Packaging Extract Kit was used to perform 入-phage 
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packaging reaction. The ligated cDNA mixture was added to the packaging extract 
and mixed well. The tube was incubated at room temperature (22 °C ) after 
centrifugation for 2 hours. 500|LI1 of SM buffer was added to the tube first and then 
20|il of chloroform was added and mixed the contents. The debris was pelleted by 
centrifugation and the supernatant containing the phage was used for tittering. 
2.2.3.7 Titering the unamplified library 
Bacterial culture {E.coli XL 1-Blue) was inoculated in 15ml of 
LB/maltose/MgS04 broth and incubated at 37°C overnight with shaking (at 140rpm) 
until the ODeoo of the culture reached 2.0. The culture was centrifuged at 5,000rpm 
for 5 min. The supernatant was discarded and resuspended the pellet in 7.5ml of 
lOmM MgS04. 
Around fifteen 90-mm LB/MgS04 agar plates were prepared and pre-warmed at 
37°C. The Unamplified lysate were diluted in IX lambda dilution buffer with dilution 
factor 1:15 and 1:20. One |al diluted phage was added to 200|al of XL 1-Blue overnight 
culture and allowed the phage to absorb for 15 min at 37°C. Then 2ml of melted 
LB/MgS04 top agar was added and mixed quickly by inverting and poured onto 
90-mm LB/MgS04 agar plates immediately. The plates were cooled at room 
temperature for 10 min and incubated at 37°C overnight. 
2.2.3.8 Determining the percentage of recombinant clones 
The insert-containing phage was identified by transducing E.coli XL 1-Blue and 
performed blue/white screening. 60fal of IPTG (20mg/ml) and 100^1 of X-gal 
(20mg/ml) were added to 2ml melted top agar and mixed with 1 of diluted phage 
and 200|al of bacteria mixture. The final mixture was poured on 90-mm LB /MgS04. 
The plates were cooled at room temperature for 10 min and incubated until plaques or 
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blue color developed. 
2.2.3.9 Library amplification 
Bacterial culture and bacteria with phage mixture were prepared as described in 
2.2.3.7. After overnight incubation at 37°C, 12ml IX lambda dilution buffer was 
added to each plate and stored at 4°C overnight. Then the plates were incubated at 
room temperature for 1 hour on platform shaker (~50rpm). The lambda phage lyaste 
of each plate was pooled into sterile beaker and adding 10ml chloroform and mixed 
for 2 min with vortex. The supernatant (amplified library) was collected by 
centrifugation at 7,000rpm for 10 min and then stored at 4°C until use. 
2.2.3.10 Titering the amplified library 
Amplified library was tittered as described in 2.2.3.7. 
2.2.3.11 Converting >,TripEx2 recombinant clones to pTripEx2 recombinant plasmids 
Bacterial culture {E.coli BM25.8) was inoculated in 10ml of 
LB/maltose/MgS04 broth and incubated at 3 TC overnight with shaking (at 140rpm) 
until the ODeoo of the culture reached 1.1 - 1.4. Two [x\ of IM MgCb, 150|al of IX 
dilution buffer and l|al of ？iTripEx2 were added to 200|al of overnight bacterial 
culture. The mixture was incubated at 31°C for 30 min without shaking for proper 
infection. Then 400nl of LB broth was added to the mixture and incubated at 31°C 
for an additional 60 min with shaking at 225ipm. 10|il of infected cell suspension was 
spread on LB/Carbencillin plate and incubated at 31°C to obtain isolated colonies. 
2.2.4 RNA fingerprinting by RAP-PCR 
Two lag RNA, l|al lOX DNase I reaction buffer (200mM Tris-HCl, pH 8.4, 
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500mM KCl, 20mM MgCl2) and lU DNase I (GibcoBRL) were added into an 
eppendorf tube. DEPC-treated water was added up to 10|al. Then the mixture was kept 
at room temperature for 12 min. DNase I was inactivated by adding 1|li1 of 25mM 
EDTA solution and heated for 10 min at 65°C. The RNA samples were diluted by 
adding 40|al DEPC-treated water and heating at 65°C for 10 min. 
RNA Arbitrarily Primed Polymerase Chain Reaction (RAP-PCR) was performed 
essentially as described by Welsh et al, (1992). For each sample, 50r|g and lOOrig of 
diluted RNA was used. Then lO^il of mixture that contained 5X first strand buffer 
(250mM Tris-HCl, pH 8.3’ 375mM KCl, 15mM MgCb), 2\i\ of 0.1 M DTT, Q2\x\ of 
lOmM dNTP mix, 0.5^1 of 20mM primer, 20U RNasin (Promega) and 200U 
superscript™ II RNase H" Reverse Transcriptase (GibcoBRL) were added into RNA 
and mixed well. First strand cDNA was synthesized at 42°C for 60 min. The reaction 
was inactivated by heating at 70°C for 15 min. For the AP-PCR, 20|al reaction 
mixture containing 4|al lOX PCR buffer (lOMm Tris-HCl, pH 9.0，50mM KCl, 0.1% 
Triton® X-100), 3|il of 25mM MgCb, 0.25mM each of dNTP, 1|LI1 of the same 
arbitrarily chosen primer and 2.5U Taq DNA polymerase (Promega) were added to 
20)lU first strand cDNA mixture. The thermal cycling parameters were as followings: 
1 low stringency cycle (94°C for 5 min, 32°C for 5 min, 72°C for 5 min) and then 39 
high stringency cycles (94°C for 1 min, 55°C for 1 min, 72°C for 2 min). Two f.il of 
RAP-PCR products from each of the three developmental stages with two different 
concentrations were loaded on 1.5% agarose gel. The gel was stained with ethidium 
bromide and the RNA fingerprint was visualized under UV illumination. 
2.2.5 Reverse dot-blot analysis 
2.2.5.1 Membrane preparation 
The dot-blot apparatus (Bio-Rad) was cleaned with double distilled water and 
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ethanol to remove any impurities, and then the positively charged nylon membrane 
(Hybond N, Amersham Pharmacia Biotech) was fixed on the dot-blot apparatus and 
pre-wet by dotting 300|il double distilled water. 2000 clones were randomly selected 
from the Pei'ai 64S cDNA library and performed PCR with a reaction volume of 25|al 
containing l|il of template, 0.5|il of 20}iM primers (0.25|^1 of each 20|aM 3’ and 5' 
primer), 2.5|al lOX PCR buffer, 2^1 of 25mM MgCb, 0.25mM of each dNTP, 1.25U 
of Tag DNA polymerase. The reaction was incubated at 94°C for 6 min, then carried 
out additional 29 cycles with profile: 94°C for 50 sec, 60°C for 50 sec, 72°C for 50 
sec. The PCR was finished with 10 min incubation at 72°C. 
Ten |il double distilled water was added to the PCR products and the total 
volume was made to 35^1. A 10|al portion of the PCR product was added to the 
denaturing solution containing 170|al double distilled water and 0.2M NaOH and 
allowed standing at room temperature for 30 min. After denaturing, all solution was 
dotted on the membrane and 200|^ 1 20X SSC (3M sodium chloride, 0.3M sodium 
citrate) was dotted twice to neutralize the NaOH. The membrane was air dried and 
baked at 80°C for 2 hours to fix the ssDNA on the membrane. Three identical 
membranes were prepared. 
2.2.5.2 Probe preparation 
Five hundred ng of purified RAP-PCR products from each of the developmental 
stages were labeled as probed. For each reaction, double distilled water was added to 
a final volume of 16)il. The mixture was denatured at 95°C for lOmin exactly and 
immediately placed on ice. DIG-High Prime labeling mixture (Boehringer Mannheim) 
was used to label the probes. 4|al DIG-High Prime was added to the mixture and 
mixed well, then centrifuged briefly. The reaction was incubated at 37°C for 20 hours 




The hybridization buffer of 75 ml volume was prepared with final concentrations 
of 5X SSC (0.75M NaCl, 0.075M sodium citrate), 0.02% SDS, 1% blocking reagent 
(Roche), and 0.1% N-lauroylsarcosine. The blotted membranes prepared in 2.2.5.1 
were put into separate hybridization bottles and prehybridization with 1 OcmVml of 
hybridization buffer at 68。C for 2 hours, then the pre-hybridization buffer was 
discarded and the labeled probes were denatured at 95°C for 5 min and added to the 
same volume pre-warm hybridization buffer. The tubes was incubated at 68°C for 
about 16 hours with continuous rotation. 
2.2.5.4 Stringency washes and chemiluminescent detection 
After hybridization, the buffer was discarded. The membranes were rinsed twice 
with 2X SSC + 0.1% SDS at room temperature for 15 min, then rinse twice with O.IX 
SSC + 0.1% SDS at 68°C for 15 min. The membranes were rinsed with Tween 20 
washing buffer (lOOmM maleic acid, 150mM sodium chloride, 5M sodium hydroxide, 
0.3% w/v Tween 20，pH 7.5) for 5 min to wash away the SSC and SDS. Then the 
membranes were incubated in IX blocking solution (Roche) for 30 min and then 
incubated in antibody buffer containing IX blocking solution with 150mU/ml 
anti-digoxigenin-AP conjugate (Roche) for 30 min. The membranes were rinsed twice 
with Tween 20 washing solution for 15 min and equilibrated in detection buffer (O.IM 
Tris, O.IM sodium chloride, pH 9.5), and then membranes were wrapped in plastic 
bags with diluted CSPD® (Roche) working solution. The membranes were incubated 
at room temperature for 5 min and placed at 37°C for 10 min to enhance the 
luminescent reaction. The signals were detected by Luni-Imager™ with different 
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exposure times. 
2.2.6 Sequencing of differentially expressed genes 
2.2.6.1 Extraction of plasmid DNA 
Plasmid DNA was extracted by Wizard® Plus SV Minipreps DNA purification 
system (Promega). Three ml LB containing 3|al of 50mg/ml Carbencillin was 
inoculated with a single colony. The culture was grown overnight with vigorous 
shaking at 37 °C . The cells were pelleted by centrifugation and resuspended 
thoroughly with 250)^ 1 Cell Resuspension Solution. Cell Lysis Solutions was added to 
each sample and inverted 4 times to mix well. After that, Alkaline Protease 
Solution was added and inverting the tubes several times until the suspension became 
clear. Finally, 350|LI1 Neutralization Solution was added and mixed, the mixture was 
centrifuged at 12,000g for 10 min at room temperature. The clear lyaste was decanted 
into Spin Column and centrifuged at 12,000g for 1 min at room temperature. 750|al 
Wash Solution was added to the Spin Column and centrifuged at room temperature at 
12,000g for 1 min. 250|LI1 Wash Solution was added to the column again and 
centrifuged at 12,000g for 2 min at room temperature. The Spin Column was 
transferred to a sterile eppendorf tube and lOfal Nuclease-Free Water was added, then 
centrifuged at 12,000g for 1 min at room temperature to elute the DNA. The quantity 
of plasmid DNA was measured by spectrophotometry at 260nm and 280nm. 
However, 500ml LB overnight culture was added to cryovial and then 500ml LB 
with 16% DMSO was added. The mixture was mixed well and put into -70°C freezer 
immediately for a long term storage. 
2.2.6.2 DNA cycle sequencing 
The ABI PRISM'm dRhodamine terminator Cycle Sequencing Ready Reaction 
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Kit with AmpliTaq® DNA Polymerase, FS (Perkin-Elmer) was used for sequencing 
reaction. In a 0.2ml PCR tube, 0.2-0.5^ig double-stranded plasmid DNA, 4 |LI1 
Terminator Ready Reaction Mix (A-Dye Terminator, C-Dye Terminator, G-Dye 
Terminator, T-Dye Terminator, deoxynucleoside triphosphates, MgCl〗，Tris-HCl 
buffer [pH 9.0], AmpliTaq DNA Polymerase, FS, with thermally stable 
pyrophosphatase), 1.6pmoles of primer, and deionized water were added to final 
volume to 10|al. The cycle sequencing reaction was performed on MJR PTC-200 (MJ 
Research, Inc.) with thermal cycling was carried out for 25 cycles as followed: 96°C 
for lOsec, 45°C for 5 sec, 60。C for 4 min. The reaction product was purified by 
ethanol/sodium acetate precipitation. For each sequencing reaction product, l|.il of 3M 
sodium acetate (pH 4.6) and 25|il of 95% ethanol was added and mixed thoroughly. 
The mixture was vortexed gently and placed on ice for 10 min to precipitate the 
extension products. The mixture was centrifuged at 12,000g for 30 min. The 
supernatant was aspirated and rinsed the pellet with 125|il of 70% ethanol, then 
centrifuged at 12，000g for 5 min. The supernatant was aspirated again and the pellet 
was dried in a vacuum centrifugation until dry. The pellet was resuspended in 
Hi-Di formamide (ABI PRISM®), and denatured by heating at 9 5 f o r 2min, then 
immediately placed on ice. The samples were transferred to MicroAmp® Optical 
96-well Reaction Plate (Applied Biosystems) and covering by MicroAmp® Strip Caps 
before loading. To resolve the cycle sequencing product, capillary electrophoresis was 
performed by ABI PRISM'" 3100 Genetic Analyzer in IX Genetic Analysis Buffer 
(ABI PRISM). The sample was injected at 2.4kV for 30 sec, and the electrophoresis 
was run at 12.2kV at 42°C for HOmin. Raw data of the sequencing reaction were 
collected by ABI PRISM'" 3100 Genetic Analyzer Data Collection software, and then 
analyzed and edited by ABI PRISM''' 3100 Genetic Analyzer Sequencing Analysis 
and SeqEd v. 1.0.3 software to obtain and edit the processed sequence information. 
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2.3 Results 
2.3.1 Total RNA isolation 
In this study, samples were taken from the three developmental stages of rice 
strain Pei'ai 64S: primordium, half expanded leaf and fully expanded third leaf of rice 
(Fig. 2.2). Seeds were germinated on wet tissues and incubated at 37°Cin total 
darkness for about 48 hours, then the seedlings were planted into soil and placed 
outside the green house (temperature range from 26-33 relative humidity around 
80%). 
Primordia (embedded inside the plant), half expanded leaf (around 10cm in 
length), and fully expanded leaf (around 21cm in length) were cut from the plant and 
immediately frozen in liquid nitrogen. 
Total RNA from the three developmental stages were isolated by Tri-Reagent®. 
Purity and the concentrations of RNA preparations were assayed by 
spectrophotometric measurements (OD260 and OD280) with ratios varied from 1.6-1.9. 
The integrity of the RNA preparations was inspected with 1% agarose gel 
electrophoresis in IX TBE (Fig. 2.3). Sharp 25S and 17S ribosomal RNA (rRNA) 
bands indicated that RNAs obtained by this method were not degraded and could be 
used for further manipulations. 
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Fig. 2.2. (a) The leaf development of the rice. Samples from the three developmental 
stages of third leaf of Pei'ai 64S: (b) Primordia still embedded inside the plant, (c) 








Fig. 2.3. Total RNA isolated from the three developmental stages. Electrophoresis of 
1 |_ig RNA on 1% agarose gel in IX TBE. Pri: primordia; HE: half expanded leaf; FE: 
fully expanded leaf. Arrowheads indicate 25S and 17S rRNA bands. Two additional 
bands in HE and FE are chloroplast rRNA. 
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2.3.2 cDNA library 
Three ^g of primordial total RNA (Fig. 2.4) was used to synthesize first strand 
cDNA, and then amplified by LD PCR with 23 cycles (Fig. 2.5). After proteinase K 
and Sfi digestion, the cDNA size was fractionated. The first three fractions (Fig. 2.6) 
were pooled and ligated to digested 入TripEx2 vector after purification. 
Determining the titer of the unamplified library can estimate the number of 
independent phage and clones in the library. After packaging into X-phage, the library 
was obtained and tittered. There were 387 plaques per 90mm plate at cDNA: vector 
DNA ratio 1:20. The percentage of recombinant clones (white plaques / total plaques) 
was 93.7% and the titer of the unamplified library was 7.7 x 10^  pfu/ml and it was 
calculated by using the following formula: 
^ , , Number of white plaques X dilution factor X 10^  ful/mP 
pfu/ml = 
fil of diluted phage plated 
Library with titer of at least 1 X 10^  pfu/ml is considered representative. After 
amplification of library, the titer was 3.2 x 10^  pfu/ml with 91.74% of recombinant 
clones. 
After converting A,TripEx2 recombinant clones to pTripEx2 recombinant 
plasmids, 2000 clones were selected randomly for PCR screening using 5' and 3' 
入 TripEx Sequencing primers (5' XTripEx Sequencing primer: 
CTCCGAGATCTGGACGAGC; 3’ ？iTripEx Sequencing primer: 
TAATACGACTCACTATAGGGC). The sizes of PCR products were around 500bp 
(Fig. 2.7) and the PCR products were used directly to prepare membranes in dot blot 
hybridization. 
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BFig. 2.4. Total RNA of primordial stage. Electrophoresis of Ijug RNA on 1% agarose gel in IX TBE. 
M 1 2 
H ^ ^ ^ H Fig. 2.5. 1.1% agarose gel electrophoresis of ds 
cDNA synthesized by LD PCR. 
HM: 1Kb DNA ladder 1： ds cDNA synthesized by LD PCR. 2: 5|al ds cDNA synthesized by Human Placenta poly A+ RNA. 
M 1 2 3 4 5 6 7 8 9 10 11 
H B 
Fig. 2.6. cDNA size fractionation by CHROMA SPIN™ - 400. Electrophoresis of 
3)il of each fraction on 1.1% agarose gel. 
M: 1Kb DNA ladder. 
Fraction 6 - 8 : the first three fractions contained cDNA matching the desired size and 
were used for ligated to ATripEx2 vector. 
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Fig. 2.7 1 % agarose gel electrophoresis of 2 |il PGR products using randomly 
selected well-isolated colonies as templates in 1 X TBE. All colonies contained 
cDNA inserts with size around 300 - llOObp, and one of them showed two bands 
after PGR. M: lOObp DNA ladder. 
Table 2.1 Nucleotide sequence of the 12 arbitrary primer that chosen for producing of 
RAP-PCR products. 
Primer Sequence (5，—3’） 
1 CK49L ACT CGC CAA TGA AGG ACT 
2 CK52U CGG GTT GTG AGC AGA AGT 
3 CK64U GAG CCG CAT CAA TCA CAT 
4 CK73U TCG TCC TTC TTC ATA GCA 
5 CK74L AGA AAG GCA ATG ATG AGG 
6 CK79U GAG CAG CCA CCA CTT TCA 
7 CK85L GCC CTG CTG GTA ATG GTG 
8 CK86U AGA CGG GGT AAA GGT GTG 
9 CK86L AAG GGT TGC GGT GTA GTT 
10 CK87L GCA TCC ACC CTT CAC CTT 
11 CK88U CTA GCA CCC AGA TTT ACG 
1 2 CK88L ATA TGC GAC GAA TGT AAT 
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2.3.3 RNA fingerprinting 
Fourteen fingerprints of RNAs from the three developmental stages of Pei'ai 64S 
were generated by RAP-PCR using 12 arbitrarily chosen primers (Table 2.1). The 
RAP-PCR fingerprints were resolved on 3% agarose gel (Fig 2.8). All RAP-PCR 
products were used for probes preparation. 
Arbitrarily chosen primers were used singly or in pairs to generate the RNA 
fingerprints. Each primer combination produced unique pattern and the majority of 
the RAP-fragments were common in size with similar intensity for the three 
developmental stages. Only a few of them showed differentially expressed and stage-
specific band. The number of bands observed in each fingerprint was primer 
dependent. In general, RAP products generated by using two primers were smaller in 
size than those generated by a single primer (Fig. 2.8), but more bands were observed 
using primer pairs (Fig. 2.9). However, the number of differentially expressed RAP 
fragments generated from a single primer or in primers pairs was similar with little 
difference. 
In RNA fingerprints，the effect of template concentration and quality on the 
reproduciblity was checked by using different concentrations of first strand cDNA 
that from the same reverse transcription reaction as templates for subsequent AP-PCR. 
Only those products occurring at two concentrations of a RNA template but not 
occurring at any concentration of the other RNA template were considered. RAP 
profiles generated by different concentrations of first strand cDNA were run side by 
side on an agarose gel (Fig. 2.8). A control was also performed without reverse 
transcriptase was included in the experiment to ensure that RNA samples were not 
contaminated by genomic DNA. 
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J 2 3 1 5 6_ 
Pri HE FE M M Pri HE FE 
soobp 
b. I D I H H H i ^ H l 
CK49L CK52U 
J 2_ 1 _5__6_ J _3 4_ _5__6_ 
M Pri HE FE M Pri HE FE 
MM 
c. H H I H d H H I B l 
CK64U CK73U 
Fig. 2.8 (a-g) RNA fingerprints of Pei'ai 64S. Total RNA from three developmental 
stages of Pei'ai 64S were fingerprinted by RAP-PCR with single primer(s) shown 
below each photo(s). The RAP products were resolved on a 3% agarose gel, ethidium 
bromide stained and visualized by UV illumination. Lane Pri, primordia; lane HE: 
half expanded leaf; lane FE: fully expanded leaf. Size markers are lOObp DNA ladder. 
41 
J 2_ _ 3 £ _5  
M Pri HE FE M Pri HE FE 
CK74L CK86U 
J 2_ _ 3 4_ _5 6 _ 
M Pri HE FE 
g. I ^ H H H H ^ H I i CK88U 
Fig. 2.8 (cont'd) (a) Lane 1,3 and 5 contained 50ng of template per reaction; lane 
2,4 and 6 contained lOOng of template per reaction, (b-e, g) Lane 1, 3 and 5 contained 
lOOng of template per reaction; lane 2,4 and 6 contained 50ng of template per reaction. 
(0 Only 50ng of template per reaction. 
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1 J 4 J _ _ 6 _ _ J 2 _ 3 5 6 
Pri HE FE M M Pri HE FE 
• • J|B 
~ SOObp 
^ m m n m m i i — 
CK 86L —CK 49L CK86L —CK52U 
_ ! _ _ 2 3 4 J _ 6 _ 1 2 J 4 _ 5 _ ^ 
Pri HE FE M Pri HE FE M 
• l l • • 
" ^ i s s P B m m 
CK86L —CK79U CK86L ->CK85L 
Fig. 2.9(a-g) RNA fingerprints of Pei'ai 64S. Total RNA from three developmental 
stages of Pei'ai 64S were fingerprinted by RAP-PCR with pair primer(s) shown below 
each photo(s). The RAP products were resolved on a 3% agarose gel, ethidium 
bromide stained and visualized by UV illumination. Lane Pri, primordia; lane HE: 
half expanded leaf; lane FE: fully expanded leaf. Size markers are lOObp DNA ladder. 
Arrowheads indicated the RAP products differ between developmental stages. 
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！ 2_ J 4 _ 5 1 2 J _ 4 _ J _ _ 6 _ 
M Pri HE FE M Pri HE FE 
SOObp _ 
.WBmBSBm f l H H H I 
CK86L -^CK86U CK86L ->CK87L 
1 2 _ J 4_ 5 6 
M Pri HE FE 
_ 
800bp 
g. fedMHRRI^E^ 一 
CK86L —CK88L 
Fig. 2.9 (cont'd) (a-g) Lane 1,3 and 5 contained lOOng of template per reaction; lane 
2,4 and 6 contained 200ng of template per reaction. 
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2.3.4 Reverse dot-blot analysis 
Dot blot hybridization served as the screening method to find out differential 
expressed genes. The cDNA clone PCR products were applied on positive charged 
nylon membranes in 12X8 array. Then the membranes were hybridized with labeled 
RAP products. Fig. 2.10 showed the hybridization signals of three developmental 
stages after chemiluminescent detection. 
Before reverse dot blot hybridization, probes testing were performed to evaluate 
the probe labeling efficiency. A series of dilutions prepared from the DIG-labeled 
probe was spotted directly on a nylon membrane and visualized with detection 
procedures described in section 2.2.5.4. For easy comparison, a known concentration 
of DIG-labeled control nucleic acid was spotted on the same membrane also (Fig. 
2.11). 
Twenty-five sets of membranes were prepared and around 2500 clones were 
screened. 205 of them showed different signal intensities in the three developmental 
stages. The differential expressed clones were selected and sequenced. The sequence 
analysis was divided into two rounds. In the first round, a hundred differential genes 
were sequenced and analyzed. Due to the fact that some genes (e.g. RUBISCO small 
and large subunit) are very highly abundant in leaf, another 105 clones were dotted on 
the nylon membrane again in 1 2X8 array and hybridized with RUBISCO small and 
large subunit probes (Fig. 2.12 and Fig. 2.13). Clones showing low signal intensity 
(e.g. B4, B6, C8, D2 and D4) were picked and sequenced in the second round. 
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Fig. 2.10 Reverse dot blot hybridization. Equal amount (lOfil) of the screening PCR 
products were applied to three membranes using a dot blot manifold. The membranes 
were hybridized with RAP probes made from the three developmental stages of Pei'ai 
64S. The 12H at the lower right corner of each membrane is the negative control, 
water. 
1000 10 3 1 0.3 pg 
Tu 1>Z 
Control 參 • 
Probe 1 • 
Probe 2 • • • 
Probe 3 畚 ‘ ‘ 
Probe 4 • O 
Probe 5 • C 
Fig. 2.11 Results of direct probe detection procedures. Five different DIG-labeled 
probes were prepared (each from template) by random primed labeling. Dilutions 
of each were spotted on nylon membrane and analyzed by the direct detection 
procedure. Exposure time was Imin. The amount of DIG-label DNA in each spot 
(estimated from the amount of starting template) is shown at the top of the figure. 
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A . '參 《 • 春 
B . V 
C • • « • 
D • • • 參 》 • 
E • • 錄 ， 》 • • 參 ’ _ 
F • • • # 
G • 摯 * 書 # 
， • 書 參 • 
Fig. 2.12 Hybridization with RUBISCO small subunit. Equal amount (lO^il) of the 
screening PCR products were applied to the membranes using a dot blot manifold. 
The membranes were hybridized with RUBISCO small subunit probes. The column 
11 is the negative control, water and the column 12 is positive control, RUBISCO 
small subunit. 
1 2 3 4 5 6 7 8 9 10 11 12 
A 参 肇 暑 參 
B • • 春 • ‘ . • • 參 • 
C 華 攀 鲁 • 眷 書 參 鲁 、 . 
D 
E 
F • • 書 < 
G • • 會 鲁 參 赛 • ^ 
H • • • • • • « • 
Fig. 2.13 Hybridization with RUBISCO large subunit. Equal amount (10)il) of the 
screening PCR products were applied to the membranes using a dot blot manifold. 
The membranes were hybridized with RUBISCO large subunit probes. The column 11 
is the negative control, water and the column 12 is RUBISCO small subunit. 
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2.3.5 Sequence analyses 
The amino acid sequences predicted from six reading frames of the nucleotide 
sequences of the differential expressed clones were compared with current protein 
database using Blastx and Blastn on the Internet server of NCBI (National Center of 
Biotechnology Information). The alignment results of the sequences having high 
homology with known genes in the database are shown in Fig. 2.14 -2.36. Table 2.2 
and 2.3 are the summary of Blastx and Blastn search results and the putative 
identification of cDNA clones matching to NCBI database. 
Table 2.2 Summary of Blastx search results. 
Number of clones Percentage (%) 
Highly significant (< 10-20) 110 53.66 
Moderately matched 55 26.83 
Poorly matched (10-2-10-4) 4 1.95 
No significant or novel gene (>10'^) 36 17.56 
Total 205 100.00 
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Table 2.3 Putative identification of cDNA clones matching to NCBI database. 
I D G i n u m b e r I d e n t i f i c a t i o n Species P v a l v e 
0 1 0 6 3 0 - 3 - 2 5 1 1 9 5 7 ( N ) C h l o r o p l a s t 2 3 S Oryza saliva 0 . 0 
0 0 1 2 2 1 - 4 - 6 1 1 4 6 6 7 6 3 ( N ) R u b i s c o l a r g e s u b u n i t Oryza saliva 0 . 0 
0 1 0 6 3 0 - 2 - 4 1 3 2 1 0 5 ( X ) R u b i s c o s m a l l s u b u n i t C Otyza saliva 4 . 0 E - 1 3 
0 0 1 2 2 1 - 3 - 2 0 1 4 4 8 5 5 7 1 ( X ) H e m e o x y g e n a s e I Sorghum bicolor 3 . 0 E - 1 6 
0 0 1 2 2 1 - 3 - 3 8 1 1 3 5 8 6 3 0 ( X ) P r e - m R N A s p l i c i n g f a c t o r A T P Arabidopsis thaliana 9 . 0 E - 0 7 
d e p e n d e n t R N A h e l i c a s e - l i k e 
p r o t e i n 
0 0 1 2 2 1 - 3 - 4 0 7 4 4 3 8 2 7 ( X ) P r o b a b l e c h a p e r o n i n 1 0 Oryza sativa 3 . 0 E - 3 9 
0 0 1 2 2 1 - 4 - 2 8 1 2 9 6 3 3 3 8 ( X ) A m i n o t r a n s f e r a s e l i k e p r o t e i n Oryza sativa l . O E - 0 5 
0 0 1 2 2 1 - 4 - 3 0 1 1 4 6 6 7 9 2 ( X ) N A D H d e h y d r o g e n a s e N D 3 Oryza sativa 3 . 0 E - 5 2 
0 1 0 6 3 0 - 1 - 3 1 4 1 7 2 6 0 ( X ) L i g h t r e g u l a t e d p r o t e i n p r e c u r s o r Oryza sativa 5 . 0 E - 4 0 
0 1 0 6 3 0 - 2 - 2 9 2 9 3 6 7 3 7 5 ( X ) G T P c y c l o h y d r o l a s e I I Oryza sativa 6 . 0 E - 1 1 
0 1 0 6 3 0 - 2 - 4 7 7 5 2 5 0 2 7 ( X ) P S I I l o w M W p r o t e i n Arabidopsis thaliana I 4 . 0 E - 0 4 
0 1 0 7 0 5 - 1 - 8 1 5 7 4 9 4 3 ( N ) P o l y u b i q u i t i n 1 Oryza sativa 4 . 0 E - 4 2 
0 1 0 7 0 5 - 3 - 1 1 7 4 3 3 3 8 1 ( X ) F e r r e d o x i n — N A D P r e d u c t a s e Oryza sativa 1 . O E - 4 8 
0 1 0 7 0 5 - 4 - 5 7 0 7 7 4 ( X ) H i s t o n e H 4 T H 0 9 1 Triticum aestivum 5 . 0 E - 2 0 
0 1 0 7 0 5 - 4 - 1 7 3 1 2 6 8 5 4 ( X ) T y p e I l i g h t h a r v e s t i n g c h l o r o p h y l l Oryza sativa 8 . 0 E - 4 6 
a ^ b i n d i n g p r o t e i n o f P S I I 
0 1 0 7 0 5 - 4 - 3 6 1 2 9 5 7 7 1 7 ( X ) A c t i n d e p o l y m e r i z i n g f a c t o r Otyza sativa 3 . 0 E - 1 1 
0 1 0 7 0 9 - 1 - 2 8 3 8 2 1 2 5 4 ( X ) G e r a y l g e r a n y l r e d u c t a s e Nicotiana tabacum 0 . 0 
0 1 0 7 0 9 - 3 - 3 1 5 7 9 0 1 1 4 ( X ) I n o s i n e m o n o p h o s p h a t e d e h y d r o g e n a s e Halobacterium sp. NRC-1 3 . 0 E - 0 9 
0 1 0 7 0 9 - 3 - 8 1 4 7 0 1 7 9 9 ( N ) H e m o g l o b i n 2 Oryza sativa l . O E - 1 1 0 
0 0 1 0 1 0 - 6 8 2 1 8 1 4 4 ( N ) A T P / A D P t r a n s l o c a t o r Oiyza sativa 0 . 0 
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0 1 0 1 0 2 - 2 - 2 7 1 3 5 6 9 6 4 2 ( N ) R u b i s c o a c t i v a s e Otyza sativa 0 . 0 
0 1 0 1 0 2 - 2 - 3 1 1 6 6 8 7 7 2 ( N ) S M T 3 Oryza sativa 0 . 0 
0 1 0 6 3 0 - 1 - 3 7 1 1 2 8 2 8 9 4 ( X ) H y p o t h e t i c a l p r o t e i n Chlamydophila pneumoniae 1 . O E - 2 5 
0 0 1 0 1 0 - 9 1 4 7 4 0 0 2 ( N ) R i b o s o m a l p r o t e i n L 3 9 Oryza sativa 0 . 0 
0 0 1 2 2 0 - 1 - 4 0 1 2 0 6 3 6 5 2 ( N ) P S I I l O k D a p o l y p e p t i d e Oryza sativa 3 . 0 E - 0 4 
0 1 0 1 0 2 - 1 - 1 8 2 3 3 0 5 9 3 3 ( N ) P h o s p h o r i b u l o k i n a s e Oryza sativa l . O E - 0 3 
0 1 0 1 0 2 - 1 - 4 1 4 1 2 6 8 0 8 ( N ) G l y o x a l a s e I Oryza sativa l . O E - 1 5 
0 1 0 1 0 2 - 2 - 1 7 2 8 0 0 1 1 7 ( N ) C a r b o n i c a n h y d r a s e Oiyza sativa l . O E - 2 0 
0 0 1 1 0 4 - 7 9 6 8 9 9 5 ( N ) G l y c e r a l d e h y d e - 3 - p h o s p h a t e Oryza sativa 7 . 0 E - 2 7 
d e h y d r o g e n a s e 
0 1 0 3 0 6 - 4 2 4 0 7 2 7 4 ( N ) L i p i d t r a n s p o r t p r o t e i n Oryza sativa 5 . 0 E - 9 2 
0 1 0 3 0 6 - 1 6 4 1 0 5 5 6 0 ( N ) R i b u l o s e - 5 - p h o s p h a t e - 3 - e p i m e r a s e Otyza sativa 5 . 0 E - 0 8 
0 1 0 3 0 6 - 9 7 2 7 1 2 5 2 ( N ) 1 4 - 3 - 3 - l i k e p r o t e i n Oryza sativa 0.0 
* T h e N o r X b e h i n d t h e g i n u m b e r m e a n s t h e g e n e s e q u e n c e m a t c h e d t o B l a s t n o r B l a s t x d a t a b a s e , 
r e s p e c t i v e l y . 
50 
1 GATTGGCCAA GTGAGCTCGA CTTGCGGCCG CATGCATAAT GCTTGCTCGA 
51 GTCTAGAGTC GACTGGGCCG AGGCGGCCGA CATGTTTTTT TTTTTTTTTT 
101 TTTTTTTTTT TTACAAAACC AAAATTTCAT TGTCGACGGA TTCAGATATG 
151 CTCTAGGCAT CATATTACAT GAGTACGTGT GTATAGCCGG AGATCTTGCA 
201 TTCACGTGCC CTGTCTCACC GTCACCGAAC GATAGACCGA TAGTTGTAGT 
251 AGTACTCTTG CAACAACGGC AGGTCGGAGC GCGAGAGAAC AATTACGTGC 
301 AGCTTAACAC GGACACACAA AAAAAAAAAA GAAAAAGAAA GAACATGCAC 
351 GAAGGAACGA AAGCGCTTAG TTGCCGCCTG ACTCCTCGCA ACCCGGTGGC 
401 TTATACGCGA TGAAGCTGAT TAACTGCACC TGCCTAACGT TGTCAAAGCC 
451 AATGATGCGA ACGAAGGCAT CAGGGTATGC CTTCTTTGCC TCCTCGAGCT 
501 CCTTGAGCAC TTGGGTGGCA TCGGTGCATC 
Fig. 2.14 Partial nucleotide sequence of 010630-2-4 (580bp). 
1 CCTTAGGGGG TATTAGCAAC CGTTTCCAGT TGTTGTTCCC CTCCCAAGGG 
51 GCAGGTTCTT ACGCGTTACT CACCCGTTCG CCACTGGAAA CACCACTTCC 
101 CGTTCGACTT GCATGTGTTA AGCATGCCGC CAGCGTTCAT CCTGAGCCAG 
151 GATCGAACTC TCCATGAGAC CCGGCCATAA TGGCCGAATT CCCGGGTACC 
201 AACACAATGG CGCGCTTCCCG ANAAAAAAAAA AAAA 
Fig. 2.15 Partial nucleotide sequence of 001221-4-6 (234bp). 
1 GTTGTGTGAT GGCATGGCCA ACTTGTGTTT GAGTAAGTAA ATTGTATCCT 
51 CTGCCCATTG TCCAGTAACA GTCTGTCTGA CTGACGTGAA CTTTAGTATT 
101 ACAGCGTTTA TCAAGACTAG ATAGCACGAC ACCGTGGATC AATTAAGCTT 
151 AGGTGAATAT GTGACGGAGG AGATCTCCAG AATACGAGAA CGACTTCTCC 
201 GTTTCATCCA GGCAATGGTC CTTCTCCTCC CGGGTCCAGC TAGAGGCGAC 
251 TTCGTTAAGC TTGTTGCGGA CATTCTGCCC CGGCCATAAT GGCCGAATTC 
301 CCGGGTACCA ACACAATGGC GCGCTTCCCG AGAAAAAAAA AAAA 
Fig. 2.16 Partial nucleotide sequence of 001221-3-20 (344bp). 
51 
1 TGAATATTCA TGTTACGACC ATTCCAAGGG CTCCTTTTCG CAATGCATAA 
51 ACTAAACCAA CAACTAGGAT AAGCACGAAA ATGAAAGCTT CGATAAAAAC 
101 GGATATACCC AATACGTCGA AACTCATTGC CCAAGGGTAG AGAAAGACCG 
151 TTTCCACATC AAAAACAACA AAAACTAGCG CAAACATGTA ATAGCGTATT 
201 CGGAATTGTA ACCAAGCCCC CCCCATGGGT TCTATACCCG ATTCATAACT 
251 AGAAAGCTTC TCTGGTCCTT CACGAACCGG AGCTAAAAGT GCTGAAATCC 
301 AAAATGCTAA AATAGGAATA AGGCTTGCTA TTATTAGAAA TGCCCAAAAA 
351 ATATCATATT CGTAAAGCAG AAACATAAAT GTACTCCCAT TAATGTGGAA 
401 TAGGCGGAAC TGAATTAGTC AATTCAAGTC AGCATTGTCA ATTTATACAG 
451 AATTTCTCTC TTTTCCTCGG TGAAACAAGG ATCGGTTTTT CTCAAACCAA 
501 AGGGCTTAGT TTAGCCTTTG TTTCCTCTTT GCCACGTCTT CTTTAAAGAT 
551 TCATCCAATG 
Fig. 2.17 Partial nucleotide sequence of 001221-4-30 (560bp). 
1 CCAAGTGAGC TCGACATTGC GGCCGCATGC ATAAGCTTGC TCGAGTCTAG 
51 AGTCGACTGG GCCGAGGCGG CCGACATGTT TTTTTTTTTT TTTTTTTTTT 
101 TTTTTTTTCC AACAAATAAA GGGATACTTT TACTACGCCC ATCTTTCAAC 
151 CTACTGTCAG CTAAAAAAAA ATTGGTTCAC CACGAACATA TGTTGTAGCA 
201 TAATTTGACA AACTCCATCA CATAAGATTG TCGTGGATTA AAATGTGAAC 
251 CTGAGTCCGA TTGGCCTAAT GCTCCCCTTT GGCGCCATTG CTGCCCGTCT 
301 GATGGCTAGC TTGGCCATTG GCCAATCCAT ATACATGCCC CATCTTTGTT 
351 CTCTTTGTTT CCAGGTATCT CCGATTCTCT GAGGTGATTG GAGTTACCAA 
401 GGGAACCCTG CCCACAATGC TCAATCCATA ACCCTTGAGA CCACCATACT 
451 TTGCTGGGTT ATTAGTCATC AACTTCCCCG 
Fig. 2.18 Partial nucleotide sequence of 010630-2-29 (480bp). 
52 
1 CAACCATATA AGATAATAAC ATGGAAAACA ACCTCTCCCA CTAGGCAAAT 
51 GTGCAAAGCT AGCATGTTAT TATCCCTTCG CAAGTTCCAT GCCAACAAGA 
101 GTAACTTTTC TCAGCCATTC GAAGGTATTG AGCTAAGTAC TAGCACATTA 
151 GCTTTACTAA TAACCACCCC TCAGAGCAAG GACAAGATGG AGGACAGAGC 
201 CACCTTCGAT GTTATAGTCC TTCGCAGTCT TGTCGTCGGC AAGCTGCTTA 
251 CCAGCATAGA TAAGCCTTTG CTGCACGGGA GGAATGCCTT CTTTCTCCTC 
301 AACACGCTCC TTGATCCTAT CGATCGTGTC GGTGGGCTCA ATGTCAATTT 
351 CAATCTCTTT TCCAGTGAGG GTCTTAACCT TGATCATAGT GCCACCCCTG 
401 AGCCTGAGGA CCAAGTGAAG AGTTGACTCC TTCTGAATGT TGTAGTCGGC 
451 CAGTGTGCGC CCATCTTCCA GCTGCTTGCC GGCGAATATC AAACGCTGTT 
501 GATCTGGAGG GATCCCTTCC TTGTCCTGGA TTTTGGCCTT GACGTTGTCG 
551 ATGGTGTCGC TGCTCTCCAC CTCGAGGTGA 
Fig. 2.19 Partial nucleotide sequence of 010705-1-8 (580bp). 
1 ATCATTAATT CGATCATCCC TTGGATGCGG CCTGCGGCTT ACATTAAATC 
51 TCGATCCAAA GAAGCAAAGA TGATGACAGA CAGAATATTA ATTAAGCTAG 
101 AAATCTCCTC GATCGATCAC ACACACACAC ACAATTAAGG TACATACATA 
151 CATGCACTGC TGCAACTGCA ACTGCAGGGT CGGTGCGTGG CTACTACAAG 
201 TGTACACATG GTACGTTGGT TGGCACCATC TCGATCGTGT CNTTGTGCTC 
251 ACTTGCCGGG GACGAAGTTG GTGGCGTATG CCCAGGCGTT GTTGGCGACG 
301 GGGTCGGCGA CGTGGTCGAA GAGGTTCTCG ATGGGGCCCT TGCCGGTGAC 
351 GATGGCCTGG ACGAAGAAGC CGAACATGGA GAACATGGCG AGGCGGCCGT 
401 TCTTGAGCTC CTTCACCTTG AGCTCGGCGA AGTGTCAGGG TCGTCGGCGA 
451 GGCCGAGTGG GTCGAAGGCG CCACCTGGGT ACACCTTGTC GAGGCCCTCG 
501 CCGAGCGGGC CGCCGCCGAC GCGGTAGCCC TCGACGAATC CATGAGCACC 
551 ACCTGGACCG 
Fig. 2.20 Partial nucleotide sequence of 010705-4-17 (560bp). 
53 
1 TTCTATTTTT ATATATGACG CCTATCTAAC ATTATAGAGT GATCACAGGC 
51 ACAGGTGTGC ACACAGATAC AAATGGAAGA AAAAAAAGAA GACAGATGTG 
101 AGGAAAATTG GGAGAATTAG TAGACTTCCA CGTTCCGTTG CTCGCCCTTC 
151 TTCAGTTGCT TCTTGTAATC AGCCCAGTCG ATTCCATCTT TTGCAGCCAA 
201 TGACACCATA ATGTCATCAA TACCCTTCTC CATGCCTTTC AGTCCACACA 
251 TGTACACATA GGTGTGGTCC TTCTTCAGGA GCTCCCACAG CTCTTCCTTG 
301 TACTCTGCCA TCCTGGTCTG AATGTACATC TTCTCTCCTT GAGCATTGGT 
351 CTGCTCCCTG CTCACAGTAT AATCGACCCG GAAGTTCTCT GGCGCTTTCG 
401 CCTTCATTTT GTCAAACTCC TCCTTGTAGA GTAAAGAACT 
Fig. 2.21 Partial nucleotide sequence of 010705-3-11 (440bp). 
1 GATTGGCCAG AGTGAGCTCG CGTTGCGGCC GCATGCATAA GCTTGACTCG 
51 AGTCTAGAGT CGACTGGGCC GAGGCGGCCG ACATGTTTTT TTTTTTTTAT 
101 TTTTTTTTTT TTTTTTGTTG GAACCAAATC TTCAGTTCAG ATTCATCGAA 
151 TTCATTTAAA CAGAAGAGTC GCTACACAGA AGCCAACACA AAGCAGAAAT 
201 TCCCCCCGAA TCCCATCGAA ACCCTAGCTC CTGCACCACC ACCACCACCC 
251 GCACGCCACC AGGAAGGAAG GAATGAATCA GCCACCGAAG CCGTAGAGGG 
301 TGCGGCCCTG GCGCTTGAGC GCGTAGACGA CGTCCATGGC GGTGACGGTC 
351 TTGCGGCGGG CGTGCTCGGT GTAGGTGACG GCGTCCGGAT GACGTTCTCG 
401 AGGAAGATCT TGAGCACGCC GCGGGTCTCC TCGTAGATCA GCCCGGAGAT 
Fig. 2.22 Partial nucleotide sequence of 010705-4-5 (450bp). 
54 
1 CAGAGTTTGC CTCGATTTGG TACCGCTCGC GCAGCCCGCA CCGAAACAGT 
51 GCTTTACCCC TAGATGTCCA GTCAACTGCT GCGCCTCAAC GCATTTCGGG 
101 GAGAACCAGC TAGCTCTGGG TTCGAGTGGC ATTTCACCCC TAACCACAAC 
151 TCATCCGCTG ATTCTTCAAC ATCAGTCGGT TCGGACCTCT GCTTAGTTTC 
201 ATCCAAGCTT CATCCTGGTC ATGGATAGAT CACCCAGGTT CGGGTCCATA 
251 AGCAGTGACA ATCGCCCTAT GAAGACTCGC TTTCGCTACG GCTCCGGTGG 
301 GTTCCGTTCC CTTAACCAAG CCACTGCCTA TGAGTCGCCG GCTCATTCTT 
351 CAACGGGCAC GCGGTCAGAG ATCACTTTCC CCTCCCACTG CTTGGGAGCT 
401 AAGCACGGTT TCACGTTCTA TTTCACTACC CACTGGGGGT TCTTTTCACC 
451 TTTCCCTCAC GGTACTACTT CGCTATCGGT CACCCAGGAG TATTTAGCCT 
501 TGCAAGGTGG TCCCCCGGCC 
Fig. 2.23 Partial nucleotide sequence of 010705-4-36 (520bp). 
1 GGCCAAGTGA GCTCCGTTGC GGCCGCATGC ATAAGCTTGC TCGAGTCTAG 
51 AGTCGACTGG GCCGAGGCGG CCGACATGTT TTTTTTTTTT TTTTTTTTTT 
101 TTTTTTTTTT GTATGAACCA TTNAGAAACA TGGAGCTTAT ATAGTAGTAC 
151 ATTGAGTTCA CACCGAAGAT TGGTGTGCTT CAGTAATCCA ACCAAACTGC 
201 CCCCAAGTCT GAACATCACC TTGTGTTGTA CAAGAAAATC GGACAGGGTC 
251 GATCGGTACA CAGCCTCTCT CTCTTATCCA TCTCTACTTA CGCTTGTTCA 
301 AATCTGTTTG ATCAGCCGCG AATCTGTACT ATACATGCAC ACTGATCCAC 
351 CGCAAATTGC AGTTTCTAAT GCCTCAAGAA AATGAAGCAA AGTGTTCGAT 
Fig. 2.24 Partial nucleotide sequence of 010709-1-28 (400bp) 
55 
1 GAAAAGCTCT CCGGTTATTT TCTCAGGCTT ATCTTGGTGA TTCGCGCTAC 
51 AACACTCTTA CAGATTAGAG ATGCCTGCTA TTCAAAAACA CCATGGCATA 
101 TATTTACATA TATACAACAA GGCCGAAGCA TATGGACCAC TGCACGTCTA 
151 AACCTCCAGC AGGGCTTCCA ACTCGCGAAG AACGTCAGCA CGGGTAACTA 
201 TACCTATCAC TTGTCTGTCC TGATTTACAA TTGGTAATCC GTGGATCTTC 
251 TTCTTTAGCA TCAGAGCTGC CGCATCCATT ACTGTTTTGT CAGATGGTAG 
301 AGTGATGGCT GGAGAGGTCA TCACTTCTGC AATCTTTGTC TTTGACCCAT 
351 GAGAAGCCCT GGCCCGGTCA CTCTTGACGA TCACTCCAAC ACATCTGAGG 
401 CTGGCATCTA TAACTGGGAG ACCTGAGACC GTCTCAAAGT GGCACTCAAC 
451 CTCCTCCAGC GTCTGCTCGG CAGTGGCTAC CAGCACAGGC GCCGACATGG 
501 CTTCACTCAG GAGCGCCACA CGCTGGTTGT CGGCTTGAGC AGCGGCCTCC 
551 TGTGACTGGA GGTAGGCGCG GAGATCGTCG TACTGAGCAG GGAGAAGTTC 
601 TCCGGCCACT CACCGGAGAT GATGGCTTCA GGTTCTCGTC GATCTCTAGC 
651 GGAGGCTCCG TCATGACGTC GATGCCGGCA CGGAAGTGGT GATCCTCCCC 
Fig. 2.25 Partial nucleotide sequence of 010709-3-3 (700bp). 
1 GTAGANACAT CTTTATNTAT GAGTTATGTC ATCTTACATA GCAACAACAA 
51 CAGCAGTTGA TTTANTCATT TGGACATACA CACACCGACA AATAGTCCCT 
101 TTTGTGGGGC GAGGAATATT GAACGAGCAC AATGCAACAA AGTTGATCAG 
151 CGAGGATCAT GGNGGTGGAG CAGTATATAT ATCACTCANC AGGCTTCATC 
201 TCCTGCTTGA TGGCCGCGAC CAGTTGGTTG TAGGCTTCCC CGGCCATAAT 
251 GGCCGAATTC CCGGGTACCA ACACAATGGC GCGCTTCCCGA AAAAAAAAAA 
301 AAA 
Fig. 2.26 Partial nucleotide sequence of 010709-3-8 (303bp). 
56 
g i 1 1 4 4 & 5 5 7 1 l g b l A A K 6 3 0 1 0 . 1 I A f 3 2 0 0 2 6 1 ( A F 3 2 0 0 2 6 ) h e m e o x y g e n . , . _ 8 4 3 e - 1 6 
g i 1 1 4 0 3 0 6 4 7 1 g b I A A K 5 2 9 9 8 . 1 I A F 3 7 5 4 1 4 1 ( A F 3 7 5 4 1 4 ) A t 2 g 2 6 6 7 0 / F . . , ^ l e - 1 1 
g i 1 1 4 4 8 5 5 7 5 I g b I A A K 6 3 0 1 2 . 1 I A F 3 2 0 0 2 8 1 ( A F 3 2 0 0 2 8 ) h e m e o x y g e n . , . ^ l e - 1 1 
g i 1 1 5 2 2 5 7 7 1 1 r e f I N P 1 8 0 2 3 5 , 1 1 ( N M _ 1 2 8 2 2 4 ) h e m e o x y g e n a s e 1 ( , , . ^ l e - 1 1 
g i l 2 1 4 5 0 8 6 4 l g b l A A C T 4 2 0 0 8 . 2 l A F 3 2 7 4 1 8 1 ( A F 3 2 7 4 1 8 ) p u t a t i v e h e , . , ^ l e - 1 1 
g i 1 1 4 4 8 5 5 6 9 1 g b i l A A K 6 3 0 C i g . 1 1 A F 3 2 0 0 2 5 — 1 ( A F 3 2 0 0 2 5 ) h e m e o x y g e n , , . ^ 6 7 3 e - l l 
g i 1 1 4 4 8 5 5 6 7 I g b I A A K 6 3 0 0 8 , 1 I A F 3 2 0 0 2 4 _ 1 ( A F 3 2 0 0 2 4 ) h e m e o x y g e n . . , ^ 9 e - l l 
g i 1 1 5 2 2 2 4 2 5 1 r e f I M P 1 7 7 1 3 0 . 1 1 ( M _ 1 0 5 6 4 0 ) p u t a t i v e h e m e o x y g , . . ^ ^ l e - 1 0 
g i 1 1 5 0 7 6 S 6 3 l g b l A A K 8 2 9 6 9 , 1 I A F 2 7 6 2 2 8 . 1 ( A F 2 7 6 2 2 8 ) p u t a t i v e h e . , , 3 e - 1 0 
g i 1 1 4 4 8 5 5 7 9 I g b I A A K 6 3 0 1 4 . 1 I A F 3 2 0 0 3 0 _ 1 ( A F 3 2 0 0 3 0 ) h e m e o x y g e n . . , ~ 6 0 5 e - 0 9 
>g i 114485571 Igb IMK63010 .1 IAF320026 1 (AF320026) heme oxygenase 1 [Sorghum b i c o l o r ] 
Leng t h = 184 
Score = 84 . 0 b i t s ( 2 0 6 ) , Expect = 3e-16 
I d e n t i t i e s = 38/42 (90%) , P o s i t i v e s = 41/42 (97%) 
Frame = -2 
Query : 278 QNVRMLNEVASSWTREEKDHCLDETIEKSFSYSGDLLRHIFT 153 
QNVRMLNEVASSW+REEKDHCLfETEKSF+YSG LLRHIFT 
S b j c t : 143 QNVRMLNEVASSWSREEKDHCLEETEKSFAYSGGLLRHIFT 184 
Fig. 2.27 Blastx window showing the search results of clone 001221-3-20. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 001221-3-20 is 
homologous to Heme oxygenase I of Sorghum bicolor. 
57 
g i 1 1 1 4 6 6 7 9 2 1 r e f I M P 0 3 9 3 8 8 . 1 1 ( N C _ 0 0 1 3 2 0 ) n d h C ; N A D H d e h y d r o . . . 2 M 3 e - 5 2 
g i 1 1 1 4 6 7 1 9 7 1 r e f I M P 0 4 3 0 3 0 . 1 丨 ( N C _ 0 0 1 6 6 6 ) N A D H d e h y d r o g e n a s e . . . m 6 e - 5 0 
g i 1 1 2 4 2 6 l e M b l C A A 3 5 4 8 1 , 1 1 ( X l 7 4 3 8 y N D H - C p r o t e i n ( A A 1 - 1 2 0 . . . 1 9 5 3 e - 4 9 
g i 1 1 4 0 1 7 5 7 7 1 i - e f l H P 1 1 4 2 6 4 , 1 1 ( N C _ 0 0 2 7 6 2 ) N A D H d e h y d r o g e n a s e . . . 1 9 2 2 e - 4 8 
g i I l 7 0 9 3 7 9 l s p l P 5 2 7 6 5 l M U 3 C L U P L U N A D H - P L A S T O Q U I N O N E O X I D O R E D , . . J H 5 e - 4 8 
g i 1 1 1 4 9 7 5 3 3 1 r e f I N P 0 5 4 9 4 1 . 1 1 ( N C _ 0 0 2 2 0 2 ) N A D H d e h y d r o g e n a s e , , , T ^ 4 e - 4 7 
g i l 2 0 0 6 5 3 3 6 l e m b l C A C 8 8 0 4 9 , 1 1 ( A J 3 1 6 5 8 2 ) NADH d e h y d r o g e n a s e N . . . 186 l e-46 
g i 1 1 3 5 1 8 4 2 3 1 r e f I I ' J P 0 8 4 7 S 3 . 1 I ( N C _ 0 0 2 6 9 4 ) N A D H d e h y d r o g e n a s e , , . 2 e - 4 6 
g i 1 7 5 2 5 0 3 8 1 r e f I I ' J P . 0 5 1 0 6 4 , 1 1 ( N C _ 0 0 0 9 3 2 ) N A D H d e h y d r o g e n a s e . . . T H 2 e - 4 6 
g i 1 1 3 5 1 8 S 0 6 I r e f I M P 0 S 4 6 6 5 . 1 I ( N C _ 0 0 2 6 9 3 ) N A D H - p l a s t o q u i n o n e , , , H I 2 e - 4 6 
11 14667921reflNP 03938S.1I (NC_001320) ndhC; NADH dehydrogenase ND3 [Oryza sat iva] [Oryza 
sat iva ( japonica cultivar-group)] 
gi ll2S690lsplPl2126lOT3C ORYSA NADH-plastoquinone oxidoreductase chain 3, chloroplast 
gi 166161IpirlIDERZH3 NADH dehydrogenase (ubiquinone) (EC 1.6,5.3) chain 3 - rice 
chloroplast 
gi 1119&9lemljlCAAM0Cll. 11 (X15901) ndhC; NADH dehydrogenase ND3 [Oryza sativa ( japonica 
cult ivar-group)] 
gi120146745IgbIAAM124&1.1IAC074232 8 (AC074232) NADH dehydrogenase ND3 [Oryza sativa ( japonica 
cult ivar-group)] 
giI226610lprflI16D3356AG NADH dehydrogenase ND3 [Oryza sativa] 
Length = 120 
Score = 204 b i t s (520), Expect = 3e-52 
Iden t i t i es - 104/117 (88%), Posit ives = 105/117 (88%) 
Frame = -2 
Query: 376 MFLLYE YD IFWAFL11ASLIPILAF WIS ALLAP VREGPEKLS S YE SO IEPMGGAWLQFRI 197 
MFLLfEYD IFWAFLI lASLIPILAFWI SALLAP VREGPEKLS SYESGI EPMGGAWLQFR I 
Sbjct : 1 MFLLHE YD I FWAFL 11 ASL IPI LAF WIS ALLAPVREGPEKLS SYE SGI EPMGGAWLQFR I 60 
Query: 196 RYYMFALVFWFDVETVFLYPWMSFDVLGISVFIEAXXXXXXXXXXXVYALRKGAL 26 
RYYMFALVFWFDVETVFLYPWMSFDVLGISVFIEA VYA RKGAL 
Sbjct : 61 RyYMFALVFWFDVETVFLYPVAMSFDVLG I SVF IEAFIF VLILWGLVYATOKGAL 117 
Fig. 2.28 Blastx window showing the search results of clone 001221-4-30. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 001221-4-30 is 
homologous to NADH dehydrogenase ND3 of Oryza sativa. 
58 
g i l27735197lsplP47924lGCH2. ARATH R i b o f l a v i n b i o syn t hes is p r . . . 4 e - l l 
g i 1306979891 re 1'IMP 201235.31 GTP cyc l ohyd ro l a se I I ; 3 . 4 - d i h . . . 4 e - l l 
g i 110&4339lpii-l IJC4209 GTP cy c l o hyd r o l a s e I I (EC 3 . 5 . 4 . 2 5 ) . . . ^ 4 e - l l 
g j l 29367375 lgb lAAO?2560 . 11 GTP cyc l ohyd ro l a se I I / 3 , 4 - d i h y d r , , . J 2 6 e - l l 
g i1184242771ref IMF' 56S913.1I GTP cyc l ohyd ro l a se I I / 3 , 4 - d i , , . ^ 2e-10 
g i 17436011 I p i r I I TO 6410 GTP cyc l o hyd ro l a s e I I (EC 3 , 5 , 4 , 2 5 ) . . . ^ 2e-05 
g i I 3244&0%IembICM)77613.11 r i b o f l a v i n b i o s y n t h e s i s p r o t e i n , . . [ IT 0 .003 
g i 121674409 I r e f INP 662474.11 3 ,4-d ihydroxy-2-butanone 4 - p h o . . . ^ 0 ,028 
g i 1231044911ref IZP 00090955.11 h y p o t h e t i c a l p r o t e i n [ A z o t o b . . . ^ 0 ,034 
g i I 300221981 re f IHF' S33829 . l l GTP cy c l o hyd r o l a s e I I [ B a c i l l u . . , 3 1 0 .048 
g i 1274683571ref INP 764994.11 r i b o f l a v i n b i o s y n t h e s i s p r o t e i . . . ^ 0 .062 
g i 1230532791ref IZP 0007948S.11 h y p o t h e t i c a l p r o t e i n [Geobac . . . 0 .082 
>gi l29367375lgblAAO72560.11 GTP cyc lohydro lase 11/3,4-dihydroxy-2-butanone-4-phosphate 
synthase-1 ike p r o t e i n [Oryza s a t i v a ( j a pon i c a 
c u l t i v a r - g r o u p ) ] 
Length = 460 
Score = 61 ,6 b i t s ( 148 ) , Expect (2) = 6e- l l 
I d e n t i t i e s = 26/32 (81%), Po s i t i v e s = 31/32 (96ft) 
Frame = -2 
Query: 312 AIVGRVPLVTPI TSENRRYl^ TKRTKMGHVYG 217 
A+VGRVP-HH-PIT EN+RYLETKRTKMGHVYG 
S b j c t : 401 AWGRVPVISPITKENQRYLETKRTKMGHVYG 432 
Fig. 2.29 Blastx window showing the search results of clone 010630-2-29. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010630-2-29 is 
homologous to GTP cyclohydrolase II of Oryza sativa. 
59 
g i 1 1 5 7 4 9 4 3 l . g b l U 3 7 6 S 7 . 1 I O S U 3 7 6 S 7 O r y z a s a t i v a p o l y u b i q u i t i n , . , m 4 e - 4 2 
g i l 7 7 7 7 5 7 l . g b l L 4 1 6 5 S . 1 1 S C F P O L Y S a c c h a r u m h y b r i d ( c l o n e S C U B I , , . m 4 e - 4 2 
.gi 14160371 embIX76CI64,11OSPOLUEI 0 . s a t i v a r u b l mRNA f o r p o l y , . . m 4e-42 
g i 114334g49 l .gb lAYLl3514S . 11 A r a b i d o p s i s t h a l i a n a p u t a t i v g u b . . . 2e-41 
g i 1 1 3 0 2 1 S 9 5 l g b l A F 3 2 3 5 0 S . 1 I A F 3 2 . 3 5 0 8 S y n t h e t i c c o n s t r u c t H P V . . , m 6 e - 4 1 
g i 1 1 1 5 2 S 4 t S S I g b l A F 3 2 2 4 1 5 . 1 l A n 2 2 4 1 5 S y n t h e t i c c o n s t r u c t H P V . . , T t A 6 e - 4 1 
g i l 6 0 1 3 2 9 0 l . g b l A F l 8 4 2 S r j . 1 IAF1S42S0 O r y z a s a t i v a p o l y u b i q u i t i . , , m 6e-41 
g i 1 1 4 2 8 6 3 0 7 1 g b I B C 0 0 8 9 5 5 . 1 I B C 0 0 8 9 5 5 Homo s a p i e n s . S i m i l a r t o , , . m 2e-40 
> g i I l f .?4 ' ;M3l .gblU376S7,110SU3?6S7 Oryza s a t i v a p o l y u b i q u i t i n ( R u b g l ) mRNA, c omp l e t e cds 
L e n g t h = 1679 
Sco re = 178 b i t s ( 9 0 ) , Expect = 4e-42 
I d e n t i t i e s = 196/232 (84%) 
S t r a n d = P l u s / Minus 
Que ry : 355 t g c c a c c c c t g a g c c t g a g g a c c a a g t g a a g a g t t g a c t c c t t c t g a a t g t t g t a g t c g g 414 
1111 11M III 111M111 丨 I I 111 11 11 i M i m i m i m m m m 
S b j c t : 282 t g c c t c c c c t g a g c c t g a g g a c a a g g t g g a g g g t g g a c t c c t t c t g g a t g t t g t a g t c g g 223 
Query： 415 c c a g t g t g c g c c c a t c t t c c a g c t g c t t g c c g g c g a a t a t c a a a c g c t g t t g a t c t g g a g 474 
I I I I 1 1 M I I I 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I 11 1 1 1 I I 11 I I I 
S b j c t : 222 c c a g g g t g c g g c c a t c c t c a a g c t g c t t g c c a g c g a a g a t g a g a c g c t g c t g g t c c g g g g 163 
Fig. 2.30 Blastn window showing the search results of clone 010705-1-8. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010705-1-8 is 
homologous to Polyubiquitin 1 of Oryza sativa. 
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>gi l3126854lgblAACl5992.11 (AF061577) ch l o rophy l l a/b b i nd i ng p r o t e i n [Oryza s a t i v a ] 
Length = 263 
Score = 125 b i t s (315 ) , Expect (2) = 8e-46 
I d e n t i t i e s = 60/60 (100%), Po s i t i v e s = 60/60 (100%) 
Frame = -1 
Query: 431 FAELKVKELKNGRLMFSMFGFFVQAIVTGKGPIENLFDHVADPVAMAWAYATNFVPGK 252 
FAELKVKELKNGRLAMF SMFGFFVQA I VTGKGP IENLFDHVADPVAMAVAYATWFVPGK 
S b j c t : 204 FAELKVKELKNGRLAMF SMFGFFVQA IVTCKGPIENLFDHVADPVAMAWAYATNFVPGK 263 
Score = 79 .3 b i t s ( 194 ) , Expect (2) = 8e-46 
I d e n t i t i e s = 35/36 (97%), Po s i t i v e s = 35/36 (97%) 
Frame = -2 
Query: 541 GFVEGYRVGGGPLGEGLDKVYPGGAFDPLGLADDPD 434 
GFVEGYRVGGGPLGEGLDKVYP GAFDPLGLADDPD 
S b j c t : 167 GFVEGYRVGGGPLGEGLDKVYPSGAFDPLGLADDPD 202 
Fig. 2.31 Blastx window showing the search results of clone 010705-4-17. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010705-4-17 is 
homologous to Light harvesting a/b binding protein of Oryza sativa. 
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g i 1 1 5 2 3 9 2 8 2 1 r e f I N P 2 0 1 4 2 0 . 1 1 ( M _ 1 2 6 0 1 7 ) f e r r e d o x i n - N M ) P + r . . , 1 6 7 2 e - 4 1 
g i 1 1 0 6 5 2 6 S I p d b I I F H B l F e r r e d o x i n : n a d p + O x i d o r e d u c t a s e ( F e r r . . , 4 e - 4 1 
g i l l 7 0 1 1 1 l g b l A A A 3 4 0 2 9 . 1 l ( M 8 6 3 4 9 ) f e r r e d o x i n - N A D P o x i d o r e d u . . . 4 e - 4 1 
>gil72947SlsplP41344IFENR_ORYSA Ferredoxin--NADP reductase, leaf isozyme, chloroplast precursor 
(FNR) 
gi 17433381IpirlIT04349 ferredoxin--NADP+ reductase (EC 1.18,1.2) - rice 
gi 1442481IdbiIBAAI34616.1 I (D17790) ferredoxin-NADP+ reductase [Oryza sat iva ( japonica 
C u l t i v a r - g r o u p ) ] 
gi 16069649IdbiIBAA85425.il (AP000616) ESTs AU078647(E1557),C72400(E1557) correspond to a 
region of the predicted gene.~similar to 
ferredoxin-NADP+ reductase (D17790) [Oryza sat iva 
( japon ica cul t ivar-group)] 
gi I69071 15ldbi IBAA90642.11 (AP001129) ESTs AU078647(E1557),C72400(E1557) correspond to a 
region of the predicted gene,~Similar to Oryza sa t iva , 
ferredoxin-NADP+ reductase, (D17790) [Oryza sat iva 
( japon ica cul t ivar-group)] 
Length = 362 
Score = 191 b i t s (485), Expect = le-48 
I den t i t i e s = 96/107 (89%), Posi t ives = 96/107 (89%) 
Frame = -1 
Q u e r y : 4 4 0 S S L L Y K E E F D K M K A K A P E N F R V D Y T V S R E Q T N A Q G E m I Q T R M A E Y X X X X X X X X X K B E T 2 6 1 
S S L L Y K E E F D J Q O C A K A P E N F R V D Y V S R E Q T N A Q G E K M Y I Q T R M A E Y K D H T 
S b j c t : 2 5 6 S S L L Y K E E F D K M K A K A P E N F R V D Y A V S R E Q T W A Q G E K M Y I Q T R M A E Y K E E L W E L L K K D H T 3 1 5 
Q u e r y : 2 6 0 Y V Y M C G U C G M E K G I D D I W S L A A K D G I D V A D Y K K Q L K K G E Q R N V E V Y 1 2 0 
Y V Y M C G L K G M E K G I D D n ( V S L A A K D G I D ¥ A D Y K K Q L K K G E Q N V E V Y 
S b j c t : 3 1 6 Y V Y M C G L K G M E K G I D D I M V S L A M D G I D W A D Y K K Q L K K G E Q M V E V Y 3 6 2 
Fig. 2.32 Blastx window showing the search results of clone 010705-3-11. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010705-3-11 is 
homologous to Ferredoxin NADH reductase of Oryza sativa. 
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g i 1 2 1 2 9 4 9 0 9 1 g b I E A A 0 7 0 5 4 • 1 1 ( A A A B O 1 0 0 8 8 4 8 ) a g C P ? 2 5 9 [ A n o p h e l , . , J ^ 2 e - 1 9 
> g i I 7 0 7 7 4 l p i r l I H S W T 4 1 h i s t o n e H 4 ( T H 0 9 1 ) - w h e a t 
g i I 1 7 0 7 4 7 l g b l A A A 3 4 2 9 2 . 1 1 ( M 1 2 2 7 7 ) h i s t o n e H 4 [ T r i t i c u m a e s t i v u m ] 
L e n g t h = 1 0 3 
S c o r e = 7 4 . 3 b i t s ( 1 8 1 ) , E x p e c t ( 2 ) = 5 e - 2 0 
I d e n t i t i e s = 3 5 / 3 5 ( 1 0 0 % ) , P o s i t i v e s = 3 5 / 3 5 ( 1 0 0 % ) 
F r a m e = - 3 
Q u e r y : 3 8 5 D A V T m H A R R K T V T M D V V Y A L K R Q G R T L Y G F G G 2 8 1 
D A V T Y T E H A R R K T V T A M D W Y A L K R Q G R T L Y G F G G 
S b j c t : 6 9 D A V T Y T E H A R R K T V T A i t D W Y A L K R Q G R T L Y G F G G 1 0 3 
S c o r e = 4 3 . 5 b i t s ( 1 0 1 ) , E x p e c t ( 2 ) = 5 e - 2 0 
I d e n t i t i e s = 2 1 / 2 1 ( 1 0 0 % ) , P o s i t i v e s = 2 1 / 2 1 ( 1 0 0 9 o ) 
F r a m e = - 1 
Q u e r y : 4 5 0 I S G L I Y E E T R G V L K I F L E N V I 3 8 8 
I S G L I Y E E T R G V L K I F L E N V I 
S b j c t : 4 7 I S G L I Y E E T R G V L K I F L E N V I 6 7 
Fig. 2.33 Blastx window showing the search results of clone 010705-4-5. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010705-4-5 is 
homologous to Histon H4 of Wheat. 
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> g i 1 3 8 2 1 2 5 4 I e m b I C A A 0 7 6 8 3 , 1 1 ( A J 0 0 7 7 8 9 ) g e r a n y l g e r a n y l r e d u c t a s e [ N i c o t i a n s t a b a c u m ] 
L e n g t h = 4 6 4 
S c o r e = 6 9 6 b i t s ( 1 7 9 6 ) , E x p e c t = 0 . 0 
I d e n t i t i e s = 3 4 5 / 3 5 9 ( 9 6 % ) , P o s i t i v e s = 3 4 5 / 3 5 9 ( 9 6 % ) 
F r a m e = + 1 
Q u e r y : 1 R N L R X X X X X X X X X m X X E T L A K G G I E T F L I E R K M D N C K P C G G A I P L C M V G E F D L P L D I I 1 8 0 
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Fig. 2.34 Blastx window showing the search results of clone 010709-1-28. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010709-1-28 is 
homologous to Geranylgeranyl reductase of. Nicotiana tabacum. 
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>gi 115790114 I renNP._279938.11 (NC_00260?) inosine monophosphate dehydrogenase； GuaB 
[Halobacterium sp, NRC-1] 
gi 11058055&lgblAAGl9418.11 (AE005036) inosine monophosphate dehydrogenase； GuaB [Halobacterium 
sp, NRC-1] 
Length - 527 
Score - 63.2 b i t s (152), Expect - 3e-09 
Ident i t ies = 39/101 (38%). Positives = 54/101 (52ft), Gaps = 3/101 (2%) 
Frame = -2 
Query: 486 VLVATAEQTLEEVECHFET--VSGLPVIDASLRCVGVIVKSD-RARASHGSKTK.IAEVMT 316 
V+ A EQT+E V+ + VSG PV+D G+I +D R G + E MT 
Sbjct : 139 WTAAPEQTVEAVDEMMDRSDVSGAPWDDDDTVRGIISATDIRPYLEVGESDAVREAMT 198 
Fig. 2.35 Blastx window showing the search results of clone 010709-3-3. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010709-3-3 is 
homologous to Inosine monophosphate dehydrogenase otHalobacterium sp. NRC.l 
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Fig. 2.36 Blastn window showing the search results of clone 010709-3-8. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010709-3-8 is 
Hemoglobin 2 of Oryza sativa. 
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Fig. 2.37 Blastx window showing the search results of clone 010705-4-36. Upper box 
shows the 10 genes having the highest scores in the sequence alignment. Lower box 
shows the first search result on the list, indicating that clone 010705-4-36 is 
homologous to Actin depolymerizing factor of Ofyza sativa. 
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2.4 Discussion 
RAP-PCR is a simple and effective method to identify differentially expressed 
genes during leaf development of rice strain Pei'ai 64S. It enables us to compare gene 
expression levels among multiple samples simultaneously. After construction of 
cDNA library, 2500 clones were randomly selected for reverse dot blot hybridization 
with labeled RAP-PCR products. From 14 RNA fingerprints generated, 205 
differentially expressed clones were isolated. 165 of them had high or moderate 
homology with other known sequences in the database, including those genes 
involved in cell structure, metabolism and cell signaling. The results imply that these 
cellular mechanisms play some role in the development of rice leaves. 
In this study, both single and double priming protocols of RAP-PCR were 
attempted. Theoretically, double priming will give more bands in the fingerprint than 
that by single primer, because the chance of template annealing is increased if two 
different primer sequences are available. However, the results showed that the 
numbers of differentially expressed clones are not correlated with the number of 
primers used in the reaction. The number of bands in each fingerprint depends on 
how well of the primer sequence matches with the template during low stringency 
cycle and the priming efficiency of the primer. Therefore, it is necessary to screen the 
primers first to verify their ability to generate informative fingerprints on a single 
RNA sample. This screening procedure can conserve wasting our RNA samples and 
expensive reaction components. 
The quality and the concentration of total RNA are very important for RAP-PCR 
fingerprints. The resulting fingerprint patterns may be due to small differences in 
quality and concentration of RNA samples rather than alterations in expression. So, 
RAP-PCR was done using two or more concentrations of RNA templates 
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(McClelland et al. 1995). Moreover, a control must be preformed by leaving out the 
reverse transcriptase in order to ensure that the RNA samples are not contaminated 
by genomic DNA. 
Although RAP-PCR is a powerful method to screen and isolate differentially 
expressed genes, PCR based screening techniques show a high rate of false positive 
results (Bongrazio et al. 2001). In order to increase the efficiency and feasibility of 
RAP-PCR, amplification cycle number, the concentration of primers and template 
needed to be optimized. Also, the combination of reverse dot-blot hybridization with 
RAP-PCR fingerprints can permit rapid method to isolate differential expressed 
genes. It saves the effort and time required for cloning and reamplification. 
After first round of sequencing, I found that some genes are highly abundant in 
leaf such as chloroplast 23S rRNA, RUBISCO small and large subunits. This result 
may be due to the bias of cDNA library. Because RNA of primordia stage was used 
to construct the cDNA library and this kind of high-abundance genes are highly 
transcribed for the rapid growth of the plant carrying out photosynthesis. Although 
second screening was done in order to identify some rare transcripts, just a few 
clones were isolated from this screening method. 
After sequencing 205 differential clones, most of them show significant 
sequence similarly with known sequences in the database. 36 ESTs (18 %) had no 
similarity with any sequence in the nucleotide or protein databases may due to the 
small size of these ESTs, or because they may have been derived from untranslated 
regions of the niRNA. 
In the next chapter, microarray technology will be used to find out more genes 
that are similar expression profiles. Also, the use of Northern blot hybridization to 
study the expression pattern of the differential clones identified in RAP-PCR and 
microarray and the possible significance of their differential expression during 
69 
development are inferred. ；V“rT ; j ; i , ； 
i ' : - 1 ( r r ： � : . “ ” ” . r i �\ . 
. “ I •；»• i • • . • I • . .. 
• , ‘ • , . > • 1 * . * , . , 
• .' , 、 . ' . ' • 、 
'I , ' ^ . ^ < V • ' ' . 1 • ' ‘、•••.、 • , 
..»、’•.,： .1，：•（-.: . . ‘ 
« . • i ‘ • ‘ . ‘ ‘ 
, f ‘ - ； 'J . •/•••..• ‘ , i ‘ 
� . � I -、：" . • 
• • • . • ： •.广 
. “ • 
•‘ ！‘ “ • __、 . 
、•’ • . ： . . . . • • 
- 、 - , . , - . . 、 • ‘ - . . - . 
‘• , • , > . • ‘ f . I • . . . ‘ . , , • . . ‘, • . -. •• . • 
70 
Chapter Three cDNA Microarray Analysis and Expression 
Pattern Analysis by Northern Blot Hybridization 
3.1 Introduction 
Microarray analysis is a new technology combining molecular biology and 
computer technology that allow monitoring and determination of relative expression 
levels in cells for thousands of genes simultaneously. It is a powerful and valuable 
research tool and becoming a standard approach for the comparative analysis of gene 
expression between different plant species or plant tissues. The power of the method 
lies in miniaturization, automation and parallelism allowing large scale and genome 
wide acquisition of quantitative biological information from multiple samples. 
Microarrays are assayed by two conceptually different approaches involving either 
high-density oligonucleotide microarrays {in situ synthesis of oligonucleotides) or 
cDNA microarrays (pre-synthesis of DNA fragments). 
Microarray experiments are hybridization-based methods, which are the reverse 
of Northern blot analysis. mRNA extracted from the plant tissue of interest is used to 
generate a labeled target and hybridized to a large number of individual probe 
elements which an attached to a solid surface. Labeling with fluorescent dyes owning 
different excitation and emission wavelengths allows two samples to be hybridized on 
a single array simultaneously. 
In a typical cDNA microarray experiment described by Lennon et al., (1991) and 
Schena et al, (1995), inserts from cDNA libraries were amplified by PCR and the 
PCR products (referred to as the "probe") were printed at specific sites on a glass 
slide using high-precision arraying robots. RNA from two different tissues to be 
compared was reverse transcribed into cDNA in the presence of nucleotides labeled 
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with different fluorophores (usually a red fluorescent dye, Cy5, and a green 
fluorescent dye, Cy3). Both labeled samples (referred to as the "target") were mixed 
in a small amount of hybridization buffer and hybridized to the probe, resulting in 
competitive binding of labeled targets to corresponding probe elements. Then a 
high-resolution confocal fluorescence scanner was used to scan the glass slide with 
two different wavelengths corresponding to the dyes used in the experiment. The 
relative intensities of individual DNA spots and the ratios of mRNA abundance for 
the genes represented on the array can be determined. Fig. 3.1 shows the schematic 
overview of a cDNA microarrays experiment. 
For oligonucleotide microarrays (Lockhart et al., 1996), sequences of 25mer to 
70mer are chosen from the mRNA reference sequence of each gene. In situ synthesis 
by photolithography is used to generate high-density probe arrays containing over 
300,000 individual elements. Also, RNA with poly-A tail from different plant tissues 
or plant species is used to generate double-stranded cDNA carrying a transcriptional 
start site for T7 DNA polymerase. During in vitro transcription, biotin-labeled 
nucleotides are incorporate into the synthesized cRNA molecules, which are 
fragmented later. Each target sample is hybridized to a separate identical probe array 
and target binding is detected by staining with fluorescent dye coupled to streptavidin. 
Signal intensities of probe array element sets on different arrays are used to calculate 
the relative mRNA abundance for the genes represented on the array. 
Plant microarrays are technology that enables new experimental approaches for 
plant molecular biologists. Currently, microarrays used in the following main 
applications: gene expression studies (Schena et al., 1995), DNA variation analysis 
(Cheer et al” 1996), biochemical pathway elucidation (Ideker et al., 2001). But in rice 
research, this technology is just at an early stage of application and gene expression 
monitoring (Kawasaki et al., 2001) is the most common usage of microarrays in rice 
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studies. By clustering both known and unknown genes into groups based on their 
expression profiles allows the prediction of putative functions to the unknown genes 
because the genes showing similar expression pattern may be functionally related or 
under related genetic controls. 
Based on the result of RAP-PCR and cDNA microarray, expression profiles of 
twelve sequences were selected from seven groups to have further confirmation by 
Northern blot hybridization. The selected genes are: 
Group I: GTP cyclohydrolase II 
Group II: Histone H4 
Group III: Hemoglobin 2 
Group IV: Actin depolymerizing factor, Ferredoxin - NADP reductase, Type I 
light harvesting chlorophyll a/b binding protein, Geranylgeranyl 
reductase and Rubisco small subunit 
Group VI: Rubisco large subunit 
Group VII: Heme oxygenase I 
Group VIII: NADH dehydrogenase ND3 and Polyubiquitin 1 
Northern blot analysis is still the most frequently used technique to quantify the 
expression profile of transcripts in tissues. In Northern blot analysis, RNA species are 
fractionated by denaturing gel electrophoresis base on the size and transferred to 
membrane by capillary action. The membrane-bound denatured RNA can anneal to a 
complementary DNA labeled probe under suitable temperatures and salt 
concentrations that stabilize the hydrogen bonding between the RNA-DNA hybrids. 
The resulting band identified by the probe indicates the size of the mRNA and the 
intensity of the band shows the relative abundance. 
In order to investigate the expression pattern of the selected genes in different 
varieties, two additional strains: E32 and Pei'ai 64S / E32 (P64S / E32) were analyzed. 
Pei'ai 64S and E32 are parental line whereas P64S / E32 is their hybrid, which is a 
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super-hybrid rice strain in China. Also, from the difference or consistence expression 
of the selected genes between the strains, we can explain leaf development in rice 
more accurately. 
Although the applications of gene expression study are extensive, it is not just 
mRNA levels but also the amount and modification of expressed proteins within the 
particular tissue or different developmental stages that determine the true gene activity. 
So, it is important to couple the transcriptome data to other functional approaches 
such as protein expression data from 2D gel analysis coupled with mass spectrometry. 
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Fig. 3.1 Schematic overview of cDNA microarray experiments. (Adapted from 
Macgregor et al.’ 2002) 
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3.2 Materials and methods 
3.2.1 RNA extraction by RNeasy® Mini Kit for cDNA microarray analysis 
Pei'ai 64S was planted on soil with culture condition as described in 2.2.1. 
RNeasy® Mini Kit was used to extract total RNAs from the three developmental 
stages of third leaf for using in microarray. No more than lOOmg sample was 
weighted and pulverized in a frozen mortar with liquid nitrogen. The tissue powder 
was decanted into an eppendorf and adding 450^1 Buffer RLT immediately. The tube 
was incubated at 56°C for 3 min to disrupt the tissue. The lysate was pipetted to 
QIAshredder spin column and centrifuged for 2 min at 13,000g. The supernatant was 
transferred to new tube and added 0.5 volume 100% ethanol to the cleared lysate and 
mixed well. The sample including any precipitate was applied to an RNeasy mini 
column and centrifuged for 15 seconds at 8,000g. Then 700|^ 1 Buffer RWl was added 
to RNeasy column and centrifuged for 15 seconds at 8,000g to wash the column. The 
column was transferred to new tube and pipetted 500|J1 Buffer RPE onto the column, 
then centrifuged for 15 seconds at 8,000g. 500^1 Buffer RPE was added to column 
again and centrifuged for 2 min at 8’000g to dry the RNeasy silica-gel membrane. The 
RNA was eluted by adding 40|il DEPC-treated water to the column and centrifuged 
for 1 min at 8,000g. 
The quality of the total RNA preparations was evaluated by spectrophotometric 
measurements (OD260 and O D 2 8 0 ) . The integrity of the RNA preparations was 
analyzed on 1% formaldehyde-agarose gel electrophoresis in IX MOPS. 
3.2.2 Microarray analysis 
3.2.2.1 Array preparation 
7 6 
The cDNA library of Pei'ai 64S/E32 was constructed. About 200 clones 
identified by RAP-PCR (50 of them come from Pei'ai 64S cDNA library, 150 clones 
come from Pei'ai 64S/E32 cDNA library which constructed and identified by Mr. 
Dong Biao) and 1800 phages were randomly selected and their inserts were amplified 
by PCR. The reaction volume of lOO^il containing l|il template, \[i\ of 20nM primers 
(0.5|.il of each 20|aM 3’ and 5，primer), 10|_il lOX PCR buffer (200mM Tris-HCl [pH 
8.4], 500mM KCl), 3|il of 50mM MgCh, 2^1 of lOmM dNTP, 5U of Platinum® Taq 
DNA polymerase (GibcoBRL). The reaction was first incubated at 94°C for 2 min, 
then carried out for 35 more cycles with profile: 94°C for 50 sec, 60°C for 1 min, 72 
°C for 2 min, and the PCR reaction was finished with 10 min incubation at 72°C. 
Arraylt™ 96-well PCR Purification Kit (TeleChem International, Inc.) was used 
to purify the PCR products from PCR components and concentrated for slide 
preparation in DNA Microarrays. 500^1 Arraylt"" Binding Buffer was added to 
SuperFilter. PCR sample was added quickly to the SuperFilter and mixed immediately. 
A gentle vacuum was applied to allow binding of the DNA to the SuperFilter 
membrane. 800f,il of Wash Buffer was added to remove Binding Buffer and PCR 
sample that adhered to the wall of the SuperFilter. The SuperFilter was washed twice 
with 100|al of Wash Buffer. The SuperFilter membrane was dried by applying vacuum, 
and then placed it on an unmarked 96-well microplate. The residual Wash Buffer was 
removed by centrifugation and the purified PCR product was recovered by adding 
lOOial of 0.1 X TE buffer (lOmM Tris-HCl [pH 8.0], ImM EDTA). The DNA sample 
was evaporated by applying vacuum centrifugation and resuspended by lO^il of water. 
Corning® CMT-GAPS™ Slides, which coating of pure Gamma Amino Propyl 
Silane was used to immobilize the DNA. 0.15-0.2mg/ml DNA sample was transferred 
to 384-well plate (Genetix) containing 50% DMSO. The slides were printed by 
77 
PixSys 7500 arrayer (Cartesian Technologies, Inc.) by using software of CloneTrack 
and Axsys with contact printing method. A micro-droplet of each sample probe was 
deposited on the solid surface of the array by microspotting pin with motion control 
system. After spotting, the DNA was immobilized by UV cross-linking to the slide by 
SpectroLinker ‘‘ XL-1000 UV crosslinker (Spectronics Corporation) with energy of 
300mJoules, then baking the array at 80°C for 2 hours to denature the DNA on the 
slide. The slides were stored in slide a container under desiccation at room 
temperature until use. 
3.2.2.2 Probe preparation 
MICROMAX™ TSA™ Labeling and Detection Kit (NEN life) was used. For each 
labeling reaction, 2|ag of total RNA, 5^1 of internal control RNA (Ing Ampicillin and 
Ing Kanamycin), Ifil of Reaction Mix Concentrate, l|il of Fluorescein 12-dCTP or 
Biotin-ll-dCTP Nucleotide and DEPC treated water was added up to 20|al. The tubes 
were incubated at 65 °C for 10 min to denature any secondary structure in the RNA, 
then cooled to room temperature for 5 min to anneal the primers to RNA template. 
Then the tubes were warmed to 42°C for 2 min. 2.5|al lOX RT reaction buffer and 2|al 
of AMV RT/RNase Inhibitor Mix were added to the tubes and incubated at 42°C for 
60 min. The labeling reaction was cooled to 4°C for 5 min and adding 2.5|_il of 0.5M 
EDTA (pH 8.0) and 2.5|LI1 of IN NaOH. The reaction was incubated at 65°C for 30 
min and cooled at 4°C for 5 min. Then 6.5^1 of IM Tris-HCl (pH 7.5) was added to 
the tubes and mixed well. 
The labeled cDNA probes were purified by Isopropanol precipitation. The 
mixture was transferred to an eppendorf and added 2.7^1 of 5M Ammonium Acetate 
and 31|LI1 of 100% Isopropanol alcohol, then incubated at 4°C for 30 min. The pellet 
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was formed by centrifugation at 10,000g for 15 min at 4°C. The supernatant was 
discarded carefully and washed the pellet twice with 100|al of 70% ethanol. The pellet 
was dried in Speed Vacuum for approximately 5 min. The labeled pellet was 
resuspended in 20|il of Hybridization Buffer and standing for 10 min at room 
temperature with occasional mixing. 
3.2.2.3 Hybridization 
The slide was incubated in 1% Bovine Serum Albumin (Roche), 5X SSC, 0.1% 
SDS, in a falcon for 45 min at 42°C and dried the slide by centrifugation. The 
Fluorescein- and Biotin-labeled cDNA probes were combined in an eppendorf. The 
labeled cDNA probe mixture was denatured by heating at 90°C for 2 min and the 
condensate was spin down. 
The slide was placed in Coming® Hybridization chamber and the cleaned cover 
slip was overlaid onto array.御1 of labeled cDNA probe mixture was pipetted onto 
the edge of the cover slip and allowed the material to be drawn underneath the cover 
slip by capillary action. The air bubbles were eliminated by pressing the cover slip 
gently. 30^1 of 2X SSC was added to each well of the Hybridization chamber. The 
microarray slide was secured in the chamber to avoid evaporation and immersed in 65 
°C water bath overnight. 
3.2.2.4 Stringency washes and TSA Detection 
The microarray was immersed vertically in 0.5X SSC, 0.1% SDS wash solution 
to remove the cover slip. The slide without cover slip was transferred to 0.5X SSC, 
01% SDS for 5 min with gentle shaking. The microarray was washed in 30ml of 
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0.06X SSC，0.01% SDS with gentle agitation for 5 min and then washed in 30ml of 
0.06X SSC for 2 min. 
The microarray was incubated with 800|il of TNB-10% Goat Serum Buffer 
(O.IM Tris-HCl [pH 7.5], 0.15M NaCl, 0.5% blocking reagent, 10% Goat Serum) for 
10 min and rinsed the slide once in 30ml of TNT buffer (O.IM Tris-HCl [pH 7.5], 
0.15M NaCl, 0.05% Tween-20) for 1 min with agitation, then incubated with 500|il of 
Anti-fluorescein-horseradish peroxidase (HRP) Conjugate Solution for 10 min and 
rinsed the slide 3 times in 30ml of TNT buffer for 1 min with agitation. The slide was 
incubated with 500|al of Cyanine 3 Tyramide Solution for 10 min and rinsed 3 times 
in 30ml of TNT buffer for 5 min with agitation. The microarray was incubated with 
500|al of HRP Inactivation Solution for 10 min and rinsed 3 times in 30ml of TNT 
buffer for 1 min with agitation. After rinsing, the slide was incubated with SOOjal of 
Streptavidin-HRP Conjugate Solution for 10 min and rinsed 3 times in 30ml of TNT 
buffer with agitation. Finally, the slide was incubated again in 500|LI1 of Cyanine 5 
Tyramide Solution for 10 min and rinsed 3 times in 30ml of TNT buffer for 5 min 
with agitation, then rinsed once in 30ml of 0.06X SSC for 1 min with agitation. The 
slide was dried by centrifuged at 500g for 2 min and stored in a closed container at 
room temperature in the dark. 
3.2.2.5 Microarray Analyses 
Confocal scanner ScanArray® 4000 (GSI Lumonics, Inc.) was used to scan the 
array. Fluorescence emission from the microarray was converted to digital output for 
® 
each dye and stored as separate image files. Image analysis software QuantArray 
(Packard Bioscience) was used to quantify the fluorescence intensity of the various 
spots in a microarray image. A grid was superimposed over the image and the average 
80 
pixel intensities for each element was calculated for both dyes with background 
fluorescence were subtracted. Subsequently, normalization was done. 
3.2.3 RNA extraction by Tri-reagent for Northern Blot hybridization 
Pei'ai 64S, E32 and Pei'ai 64S / E32 were growth on soil with culture condition 
as described in 2.2.1. Total RNAs from the three developmental stages were isolated 
by Tri-Reagent® with procedure as described in 2.2.2. 
3.2.4 RNA fragmentation by formaldehyde gel electrophoresis 
Before running the RNA denaturing agarose gel, all plastic wares including gel 
tank, casting tray and comb were soaked in 3% hydrogen peroxide (JunSei Chemical 
Co., Ltd.) for 30 min and rinsed with DEPC treated water several times. In order to 
prepare 50ml 1% formaldehyde agarose gel, 0.5g agarose was melted in 45ml DEPC 
treated water. When the agarose cooled to around 55°C, 5ml lOX MOPS (20mM 
morpholinopropanesulfonic acid, 2mM sodium acetate, ImM EDTA, pH 7.0) and 
1.5ml formaldehyde were added and mixed. After casting, the gel was allowed to 
stand until solidification. RNA loading buffer was added to each RNA sample, the 
resulting mixture containing 15|Lig RNA, 30% deionized formamide, 3.7% 
formaldehyde, IX MOPS and Img ethidium bromide. Five jag of RNA ladder 
(GibcoBRL) with l|al 6X loading dye ( ImM EDTA, 0.25% bromophenol blue, 0.25% 
xylene cyanol) was loaded to gel. Before loading, the sample was denatured to 65°C 
for 10 min, then quenched on ice immediately. The gel was run in IX MOPS running 
buffer at 50V until the bromophenol blue dye migrated two-thirds the length of the 
gel. 
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3.2.5 Northern blotting 
After electrophoresis, the formaldehyde agarose gel was shaken in lOX SSC for 
30 min at room temperature to remove the formaldehyde. RNA from the gel was 
transferred to a positively charged nylon membrane (Roche) by capillary action for 20 
hours. A glass-baking dish was cleaned with RNase decontamination solution 
(RNaseZAP®) and filled with I OX SSC as transfer buffer and a glass plate was placed 
on top of the dish to form a platform. Two filter paper wick (Whatman 3MM paper) 
saturated with lOX SSC were placed on the platform with its ends submerged into 
lOX SSC to form a salt bridge. The gel was placed on wick with up side down 
position and the air bubbles between them were eliminated by glass rod. A pre-wet 
nylon positive charge membrane with the same size of the gel was placed onto the gel. 
Air bubbles were smoothed out by glass rod. A piece of cling film was used to 
surround the gel to prevent 'short circuit'. Then four filter paper with same size of the 
gel, a stack of dry paper towels (8-10cm high), a glass plate, and 500g weights were 
placed in that order. The blotting was allowed to proceed overnight, then the 
membrane was removed and nucleic acids were fixed by UV crosslinking 
(Spectrolinker XL-1000), and then air-dried (Fig. 3.2). 
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Fig. 3.2 Overview of Northern Blot. 
3.2.6 Preparation of probes 
The PCR product was labeled with D IG DNA Labeling Mix, lOX conc. (Roche). 
Before labeling, the PCR product was purified by QIAquick® PCR Purification Kit. 
Five volumes of Buffer PB was added to one volume of the PCR reaction and mixed 
well. The sample was applied to the QIAquick spin column with collection tube and 
centrifuged at 10，000g for 1 min. The flow-through was discarded and added 0.75ml 
Buffer PE to the spin column and then centrifuged at 10，000g for 1 min. The 
flow-through was discarded again and centrifuged at 10，000g for 1 min. The spin 
column was transferred to an eppendorf and added 30^ll Buffer EB ( lOmM Tris-HCl, 
pH 8.5) to the center of the spin membrane. The DNA was eluted by centrifugation 
for 1 min after allowing the membrane standed for 1 min. 
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The labeling reaction mixture containing 10|_il lOX PCR buffer, 8|_il of 25mM 
MgCb, 2|il of I Mm DIG dNTP, \[i\ of 20|aM forward primer, 3^1 purified PCR 
product, 2U of Tag DNA polymerase and double distill water up to 100|il. The 
reaction was incubated at 94°C for 2 min first, then carried out for 49 more cycles 
with profile: 94。C for 1 min, 60°C for Imin 30sec, 72°C for 2 min. The PCR was 
finished with 10 min incubation at 72°C. 
3.2.7 Hybridization and stringency washes 
The RNA membrane was pre-hybridized in hybridization solution (50% 
deionized formamide, 2% blocking reagent, 7% SDS, 50mM of IM sodium phosphate, 
5X SSC, and 0.1% N-lauroylsarcosine) and blotting preformed in a plastic bag at 42 
°C water bath for 2 hours. The probe was added into equal amount of pre-warm 
hybridization solution and incubated at 42°C water bath for about 16 hours. 
After hybridization, the membrane was rinsed twice with 2X SSC, 0.1% SDS at 
room temperature for 15 min with continuous rotation. Then 0.5X SSC, 0.1% SDS 
was used to wash the membrane twice at 68°C for 15 min. Then rinsed the membrane 
with Tween 20 washing buffer for 5 min to wash away the SSC and SDS, and the 
membrane was incubated in 2X blocking solution (Roche) for 2 hours and then 
incubated in antibody buffer containing 2X blocking solution with 150mU/ml 
anti-digoxigenin-AP conjugate (Roche) for 30 min. The antibody stock solution was 
centrifuged prior to use for 5 min at 13,000rpm in a microfuge and the necessary 
amount was taken from the surface to avoid spots formation on the membrane caused 
by antibody precipitates. The membrane was rinsed twice with Tween 20 washing 
solution for 15 min and equilibrated in detection buffer (O.IM Tris, O.IM sodium 
chloride, pH 9.5)，and then membrane was wrapped in plastic bags with diluted 
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CSPD® (Roche) working solution. The membrane was incubated at room temperature 
for 5 min and placed at 37°C for 10 min to enhance the luminescent reaction. The 
signals were detected by Kodak BioMax Light Film with different exposure times. 
3.2.8 Stripping and reprobiiig of Northern blot 
The membrane was stripped twice in a mixture containing 50% deionized 
formamide, 5% SDS, 50mM Tris-HCl [pH 7.5] at 80°C in a sealed bag. Then the 
membrane was rinsed with 2X SSC for 5 min at room temperature and stored in 2X 
SSC until use. 
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3.3 Results 
3.3.1 Total RNA isolation 
Before array hybridization and Northern Blot hybridization, RNA quality was 
analyzed by 1% denaturing gel to ensure that there was no degradation of RNA or 
contamination of DNA. The samples were taken from the three developmental stages 
of rice strain Pei'ai 64S with culture conditions as described in 2.2.1. The integrity of 
total RNA on the gel was assessed by visualization of intact 25S and 17S ribosomal 
RNA (rRNA) bands (Fig.3.3). 
3.3.2 Microarray analysis 
Labeled probes, semi-quantitative, membrane-based colorimetric analysis was 
preformed to ensure the quality of the hybridization. Serial dilutions of control cDNA 
(Fluorescein and Biotin) and cDNA probe was prepared and dotted on GeneScreen. 
All 3-probe spots were visible and 1:40 dilutions had even higher intensity than all 
dilutions of the control. That means the probes were labeled properly and can be used 
in the hybridization reaction. The results of cDNA analysis were shown in Fig. 3.4. 
Due to lack of housekeeping genes as an internal reference, two synthetic poly 
(A)-RNAs molecules, one derived from the ampicillin resistance (amp) and one from 
the kanamycin resistance (kan) gene, were synthesized by PGR and in vitro 
transcription as external standards for normalization of cDNA array and Fig. 3.5 
shows the PGR products of kanamycin- and ampicillin-resistant genes. 
In a simple pairwise comparison of gene expression between two samples 
(different developmental stages in this case), the results can be shown in a scatter plot, 
which was dominated by a high degree of coordination between the two samples (Fig. 
3.6). For detecting differential gene expression, the points that deviate from the 45° 
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line were selected. In general, expression levels of most of the genes in the two 
samples were similar, so the majority of the points scattered symmetrically around the 
45° line but differentially expressed genes will appear away from this line. Due to 
many sources of variability of data exists, an arbitrary fold-change threshold to define 
significant differential expression was set at 2-fold and Fig. 3.7 shows overall 
hybridizations image on the rice 8000 microarray and the consistency in 
hybridizations between duplicate adjacent spots. 
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25S -
- I d 
Fig. 3.3. Total RNA isolated from three developmental stages. Electrophoresis of 
l ug RNA on 1% denaturing gel. P: primordia; HE: half expanded leaf; FE: fully 
expanded lead. Arrowheads indicate 25 S and 17S rRNA bands. 
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Fig. 3.4. Results of cDNA analysis. The probes were labeled with Fluorescein (FL> 
and Biotin (B). Dilutions of each probe were spotted on membrane and analyzed by 
direct detection procedure. C: control probes; T: testing probes. 
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Fig. 3.5. 1% agarose gel electrophoresis of ampicillin-resistance (amp) amplicon and 
Kanamycin-resistance (kan) amplicon. Lane M, DNA size marker (lOObp); lane 2 - 5, 
3\ig of each indicated PGR products. 
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Fig. 3.6. Scatter plot of microarray experiments. The dots away from the solid line 
with 2-fold above background are considered differentially expressed genes. 
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Fig. 3.7. Overall hybridizations image on the rice 8000 microarray (A). In (B), 
duplicate spots are adjacent to each other and the consistency in hybridizations 
between duplicates can be observed. 
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3.3.3 Normalization of microarray data 
For single and multiple slide normalization, global methods have been used as 
pre-processing steps in many reports in order to identify differentially expressed 
genes in single or multiple slides (Chen et al., 1997). 
The resulting microarrays comprised 2000 transcripts spotted in quadruplicate 
(8000 elements per slide). According to the normalization procedures described by 
Yue et al., (2001), the intensity of Cy3 and Cy5 of each gene on the slide were 
computed separately and signals from quadruplicate spots were averaged where the 
median and standard derivation of each spot were calculated. 
The Cy3 and Cy5 signal intensities were adjusted with reference to the 
exogenously added negative controls (DMSO and TE buffer) that had been placed in 
different locations on the slides to minimize the variability of background levels. 
Based on the mean to standard derivation ratio of each spot, some genes were 
excluded (around 200 genes per slide). Also, the global mean and global median were 
calculated for total Cy3 and Cy5 signal from all spots on the slide. The global mean 
and global median were used to standardize the variations between slides in order to 
compare the signal intensity and expression pattern of genes in different 
developmental stages. The final data were converted into log-2 expression ratios and 
the ratio information was used in cluster the genes with similar expression patterns. 
Clustering techniques such as hierarchical clustering are used to analyze the 
pattern of transcriptome data to detect groups of genes that evoke a similar 
transcriptional response in the developmental states. Cluster analysis was performed 
using the Cluster and Tree View software from Stanford University (Brown et al,, 
2001). The results of the cluster analysis for the transcriptome patterns of these 2000 
genes are shown in Fig. 3.8.A. Red or green colors indicate that the transcription of a 
gene increased or decreased respectively. The intensity of each color is relative level 
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of up- or down-regulation. Fig. 3.8.A. is a cluster analysis of 2000 transcripts in 
developmental stages that may be explored to identify patterns of interest and it is 
easy to zoom in the detailed expression patterns and identify the genes contributing to 
these patterns, an example is given in Fig. 3.8.B. 
Among the 2000 genes, 100 genes were sequenced, 11 transcripts were excluded 
during normalization and only 89 transcripts were analyzed. Based on the similarities 
of their expression profiles, they were categorized into eight discrete patterns or 
groups of gene expression during rice leave development. The overall gene expression 
results are listed in table 3.1. 
3.3.4 Detection of probe labeling efficiency 
Before Northern blot hybridization, labeling efficiency for PCR-labeled probes 
can be determined by agarose gel electrophoresis. PCR-labeled probes evaluated on a 
gel require less time than that by the direct detection method. A portion of each PCR 
product (both unlabeled and DIG-labeled) was run on a gel (Fig. 3.9). The 
DIG-labeled probe was slightly larger in size than unlabeled probe because of the 
presence of DIG molecules in DNA makes it migrate slowly. Then standard amount 
of labeled probe (2fal of probe per ml of hybridization buffer) was used in 
hybridization reaction. 
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Fig. 3.8. Hierarchical clustering. (A.) Cluster analysis of 2000 transcripts in three 
developmental stages. The number indicates the 8 discrete groups of genes which 
up-regulated or down-regulated in particular developmental stages. The picture beside 
the group number indicates the expression pattern of particular groups. (B.) Zoom in 
image of part of the cluster result. Red, black and green elements in the matrix 
indicating up-regulated, no change and down-regulated genes. The horizontal and 
vertical dendrograms indicates the developmental stages and the degree of similarity 
expression patterns. 
Table 3.1 Eight discrete patterns or groups of gene expression. 
G r o u p I G e n e s w i t h c o n s t a n t e x p r e s s i o n t h r o u g h o u t t h e d e v e l o p m e n t 
I d e n t i f i c a t i o n G i n u m b e r S p e c i e s P v a l u e 
A m i n o t r a n s f e r a s e l i k e p r o t e i n ( R ) 1 2 9 6 3 3 3 8 ( X ) Oryza sativa l . O E - 0 5 
C h l o r o p l a s t a t p F g e n e 1 1 4 6 6 7 8 3 ( X ) Ojyza sativa 4 . 0 E - 0 4 
C h l o r o p l a s t O R F 4 2 1 1 4 6 6 7 9 6 ( X ) Oryza sativa 0 . 0 
C h l o r o p l a s t u n k n o w n g e n e # 3 0 7 - - -
C h l o r o p l a s t u n k n o w n g e n e # 3 5 4 - - -
C h l o r o p l a s t u n k n o w n g e n e # 1 3 9 — 
C h l o r o p l a s t u n k n o w n g e n e # 1 9 2 — 
G T P c y c l o h y d r o l a s e I I ( R ) 2 9 3 6 7 3 7 5 ( X ) Oryza sativa 6 . 0 E - 1 1 
H y p o t h e t i c a l p r o t e i n # 1 9 2 7 1 5 2 2 9 8 0 2 ( X ) Arabidopsis thaliana 2 . 0 E - 7 0 
H y p o t h e t i c a l p r o t e i n C P 0 9 8 7 1 1 2 8 2 8 9 4 ( X ) Chlamydophila l . O E - 2 5 
pneumoniae 
l A I 2 1 5 8 8 7 0 0 5 ( N ) Oryza sativa 0 . 0 
L i g h t i n d u c e d R N A 2 0 2 6 2 ( N ) Oryza sativa 0 . 0 
L i p i d t r a n s f e r p r o t e i n I I I ( R ) 2 4 0 7 2 7 4 ( N ) Ojyza sativa 5 . 0 E - 9 2 
M a l a t e t r a n s l o c a t o r 2 3 3 1 1 3 8 ( N ) Oryza sativa l . O E - 1 4 2 
P u t a t i v e p r o t e i n # 1 9 7 1 1 0 1 7 8 2 8 7 ( X ) Arabidopsis thaliana 3 . 0 E - I 9 
R i b o s o m a l R N A # 3 2 8 2 3 4 9 5 4 1 7 ( N ) Oryza sativa 2 . 0 E - 0 7 
R i b o s o m a l R N A I 6 S 1 1 4 6 6 8 3 9 ( X ) Oryza sativa 0 . 0 
R i b o s o m a l R N A 4 . 5 S + 2 3 S 1 1 4 6 6 8 4 0 ( X ) Oryza sativa 0 . 0 
R u b i s c o a c t i v a s e l a r g e s u b u n i t 2 2 3 3 0 7 8 0 ( X ) Arabidopsis thaliana 3 . 0 E - 1 8 
S t e r o l m e t h y l t r a n s f e r a s e 3 8 3 3 5 3 0 0 ( N ) Oryza sativa l . O E - 0 5 
P h o s p h o r i b u l o k i n a s e ( R ) 2 3 3 0 5 9 3 3 ( N ) Oryza sativa l . O E - 0 3 
U b - C E P 3 0 3 8 5 6 ( N ) Oryza sativa 0 . 0 
U n k n o w n # 1 7 0 - - -
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U n k n o w n # 2 9 8 — 
U n k n o w n # 3 1 7 ---
U n k n o w n # 3 3 8 ---
U n k n o w n # 3 4 2 — 
U n k n o w n # 3 4 5 — 
U n k n o w n # 3 5 5 - - -
U n k n o w n # 3 5 8 — 
U n k n o w n # 3 6 7 - - -
U n k n o w n # 3 6 8 - - -
U n k n o w n # 3 6 9 — 
U n k n o w n # 3 7 2 — 
U n k n o w n # 1 9 2 3 — 
U n k n o w n # 1 9 5 1 — 
G r o u p I I G e n e s w i t h h i g h e x p r e s s i o n i n t h e p r i m o r d i a s t a g e . 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
1 4 - 3 - 3 l i k e p r o t e i n ( R ) 7 2 7 1 2 5 2 ( N ) Oryza sativa 0 . 0 
H i s t o n e H 4 ( R ) 7 0 7 7 4 ( X ) Triticum aestivum 5 . 0 E - 2 0 
H e a t s h o c k p r o t e i n 8 2 2 0 2 5 5 ( N ) Oryza sativa l . O E - 1 2 3 
A l d o l a s e C - 1 7 8 6 1 7 7 ( N ) Oryza sativa l . O E - 1 0 2 
C h a p e r o n i n 1 0 - l i k e p r o t e i n ( R ) 7 4 4 3 8 2 7 ( X ) Oryza sativa 3 . 0 E - 3 9 
C h l o r o p l a s t 1 7 0 2 1 - 1 7 0 5 0 Oryza sativa 6 . 0 E - 0 6 
R T R X H 2 f o r t h i o r e o x i n h 1 2 0 8 2 3 3 4 ( N ) Oryza sativa l . O E - 1 6 3 
U n k n o w n # 1 4 ---
U n k n o w n # 3 0 3 — 
U n k n o w n # 3 3 1 - - -
U n k n o w n # 1 9 9 5 — 
G r o u p I I I G e n e s w i t h l o w e x p r e s s i o n i n t h e p r i m o r d i a s t a g e 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
H e m o g l o b i n 2 ( R ) 1 4 7 0 1 7 9 9 ( N ) Oryza sativa l . O E - 1 1 0 
H y p o t h e t i c a l p r o t e i n # 1 9 5 0 1 1 8 6 2 9 5 1 ( X ) Oryza sativa L O E - 3 7 
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G r o u p I V G e n e s w i t h h i g h e x p r e s s i o n i n h a l f e x p a n d e d s t a g e 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
A c t i n d e p o l y m e r i z i n g f a c t o r ( R ) 1 2 9 5 7 7 1 7 ( X ) Oryza sativa 3 . 0 E - 1 1 
C h l o r o p h y l l a / b b i n d i n g p r o t e i n ( R ) 3 1 2 6 8 5 4 ( X ) Oryza sativa 8 . 0 E - 4 6 
F e r r e d o x i n - N A D P r e d u c t a s e ( R ) 7 4 3 3 3 8 1 ( X ) Oryza sativa 1 . O E - 4 8 
G e r a n y l g e r a n y l r e d u c t a s e ( R ) 3 8 2 1 2 5 4 ( X ) Nicotiana tabacum 0 . 0 
R u b i s c o s m a l l s u b u n i t ( R ) 1 3 2 1 0 5 ( X ) Oryza sativa 4 . 0 E - 1 3 
U n k n o w n # 1 9 7 5 — 
G r o u p V G e n e s w i t h l o w e x p r e s s i o n i n h a l f e x p a n d e d s t a g e 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
A c y l - C o A b i n d i n g p r o t e i n 7 2 4 8 3 8 8 ( N ) Oryza sativa 5 . 0 E - 1 5 
R N A h e l i c a s e l i k e p r o t e i n 1 1 3 5 8 6 3 0 ( X ) Arabidopsis thaliana 9 . 0 E - 0 7 
U n k n o w n # 1 1 - - -
U n k n o w n # 1 5 - - -
U n k n o w n # 3 7 - - -
U n k n o w n # 6 2 - - -
U n k n o w n # 7 2 - - -
U n k n o w n # 7 6 - - -
U n k n o w n # 8 7 - - -
U n k n o w n # 1 1 1 - - -
U n k n o w n # 1 4 0 - - -
U n k n o w n # 1 7 2 - - -
U n k n o w n # 1 9 1 — 
U n k n o w n # 3 0 0 - - -
G r o u p V I G e n e s s t e a d i l y i n c r e a s e d i n r e l a t i v e e x p r e s s i o n l e v e l t h r o u g h o u t t h e d e v e l o p m e n t 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
M e t a l l o t h i o n e i n l i k e p r o t e i n 7 4 8 9 4 9 7 ( X ) Oryza sativa 2 . 0 E - 1 9 
M e t h i o n i n e s y n t h a s e p r o t e i n 1 8 4 8 3 2 3 5 ( X ) Sorghum bicohr 2 . 0 E - 8 5 
R u b i s c o a c t i v a s e ( R ) 1 3 5 6 9 6 4 2 ( N ) Oryza sativa 0 . 0 
R u b i s c o l a r g e s u b u n i t ( R ) 1 1 4 6 6 7 9 5 ( X ) Oiyza sativa 0 . 0 
R u b i s c o b e t a s u b u n i t b i n d i n g p r o t e i n 7 2 4 8 4 0 1 ( X ) Arabidopsis thaliana 2 . 0 E - 2 9 
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G r o u p V I I G e n e s w i t h r e l a t i v e l y l o w l e v e l s o f e x p r e s s i o n t h r o u g h o u t d e v e l o p m e n t b u t w i t h 
h i g h e r l e v e l s i n f u l l y e x p a n d e d s t a g e 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
A r a b i d o p s i s p u t a t i v e p r o t e i n 2 5 0 8 4 2 3 7 ( N ) Arabidopsis thaliana 2 . 0 E - 1 4 
A r a b i d o p s i s r e c e p t o r p r o t e i n k i n a s e 2 5 0 5 4 9 2 0 ( N ) Arabidopsis thaliana l . O E - 3 0 
R i b o s o m a l p r o t e i n S 1 4 1 1 4 6 6 7 8 5 ( X ) Oryza sativa 0 . 0 
H e m e o x y g e n a s e I ( R ) 1 4 4 8 5 5 7 1 ( X ) Oryza satim 3 . 0 E - 1 6 
U n k n o w n # 1 0 ---
U n k n o w n # 1 5 0 — 
U n k n o w n # 1 6 7 ---
U n k n o w n # 1 8 3 — 
U n k n o w n # 2 8 9 — 
U n k n o w n # 3 2 1 — 
G r o u p V I I I G e n e s w i t h r e l a t i v e l y h i g h l e v e l s o f e x p r e s s i o n t h r o u g h o u t d e v e l o p m e n t b u t w i t h 
l o w e r l e v e l s i n f u l l y e x p a n d e d s t a g e 
I d e n t i f i c a t i o n M a t c h A c c o u n t S p e c i e s P v a l u e 
C h l o r o p h y l l a / b b i n d i n g p r o t e i n 2 p r e c u r s o r 1 1 4 4 2 9 6 5 ( N ) Oryza sativa 1 . O E - 1 5 
L i g h t h a r v e s t i n g c o m p l e x p r o t e i n I I 3 1 2 6 8 5 3 ( N ) Otyza sativa 0 . 0 
I n o s i n e m o n o p h o s p h a t e d e h y d r o g e n a s e ( R ) 1 5 7 9 0 1 1 4 ( X ) Halobacterium sp. 3 . 0 E - 0 9 
NRC-1 
P o l y u b i q u i t i n I ( R ) 1 5 7 4 9 4 3 ( N ) Oryza sativa 4 . 0 E - 4 2 
N A D H d e h y d r o g e n a s e N D j ( R ) 1 1 4 6 6 7 9 2 ( X ) Oryza sativa 3 . 0 E - 5 2 
* T h e n u m b e r b e h i n d t h e g e n e i d e n t i t y i s t h e o r d e r o f t h a t g e n e i n t h e m i c r o a r r a y p l a t e . 
* T h e N o r X b e h i n d t h e g i n u m b e r m e a n s t h e g e n e s e q u e n c e m a t c h e d t o B l a s t n o r B l a s t x d a t a b a s e , 
r e s p e c t i v e l y . 
* T h e R b e h i n d t h e g e n e i d e n t i t y m e a n s t h e y i d e n t i f i e d b y R A P - P C R . 
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• 
Fig.3.9. Evaluation of PCR-labeled probes by agarose gel electrophoresis. Lane 2, 
4 and 6 are unlabeled PGR products. Lane 1, 3 and 5 are corresponding DIG-labeled 
PCR products. M is lOObp DNA molecular weight marker. 
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3.3.5 Northern blot analysis 
Total RNAs of the three strains at three different developmental stages were 
electrophoresed on denaturing gel and transferred to nylon membranes. For high-
abundance transcripts such as Rubisco small and large subunits, small amounts of 
RNA (2|ag) were enough for detection. In this study, 10 - 15昭 RNA was used in 
Northern blot analysis. For genes with low abundance expression, more sensitive 
methods must be used such as Real time-PCR. Also, only 3 selected genes could not 
be detected in Northern blot hybridization, namely, GTP cyclohydrolase II (Group I), 
Heme oxygenase I (Group VII) and Polyubiquitin 1 (Group VIII). The unsuccessful 
hybridization may be due to the rare transcripts of these genes in the tissues. With 
reference to the clustering results in cDNA Microarray analysis, selected genes of 
P64S strain were studied. Fig.3.10 — 3.18 show the results of Northern blot 
hybridization of the 9 selected genes. 
3.3.5.1 Genes expressed highly in primordia stage (Group II) 
There was only one gene - Histone H4, which can interact with DNA to regulate 
replication and transcription, was selected from this group for Northern blot 
hybridization. In P64S and E32, Histone H4 was expressed at primordia stage. In 
P64S/E32, it was expressed at both the primordia and half expanded leaf stages (Fig. 
3.12). Although the expression patterns of this gene in the two parental strains were 
the same, the intensity of the band from P64S was much darker than that from E32， 
suggesting that this gene was transcribed more in P64S. However, there was a 
common feature among these three strains, the gene expressed very low at the fully 
expanded leaf stage and showed significantly higher expression at primordia stage. 
This implied that the developmental trends of these three strains are similar. 
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Also, Aldolase C-1, 14-3-3 like protein and Thioredoxin h are suggested 
involving in nutrients translocation and signal transduction pathways. The high 
expression of this group of genes may be due to rapid cell division and signal 
transduction within cell for growth of the plant. 
3.3.5.2 Genes with low expression in primordia stage (Group III) 
There are only two genes identified in this group; they are a hypothetical protein 
and Hemoglobin 2 that were selected for analysis. In P64S, it expressed relatively low 
level in primordia stage and showed increasing expression during development. In 
E32, it was expressed strongly at the half expanded leaf stage whereas primordia and 
fully expanded leaf stage showed nearly the same expression level. In P64S/E32, the 
expression seems nearly the same level throughout development (Fig.3.14). 
The expression pattern of Hemoglobin 2 showed the oxygen transportation of the 
plant increases for respiration. Due to more and more cells packed together, oxygen is 
difficult to reach the cells by diffusion alone. So the help of oxygen transporter may 
be required to carry oxygen into or out of the more interior cells. 
3.3.5.3 Genes with high expression in half expanded stage (Group IV) 
In this group, a number of genes were selected for analysis. They were Actin 
depolymerizing factor, Type I light harvesting a/b binding protein, Ferredoxin — 
NADP reductase, Geraiiylgeranyl reductase and Rubisco small subunit. Both 
Ferredoxin - NADP reductase (Fig.3.17) and Actin depolymerizing factor (Fig.3.18) 
had a relatively high expression levels at half expanded leaf stage in P64S. 
Ferredoxin - NADP reductase, showed increasing expression along the development 
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Ferredoxin - NADP reductase, showed increasing expression along the development 
in E32 and P64S/E32. Actin depolymerizing factor had decreasing expression along 
the development in E32. However, it expressed highly at half expanded leaf stage in 
P64S/E32 with lower expression level at fully expanded leaf stage than primordia 
stage. 
Geranylgeranyl reductase (Fig.3.16) and Rubisco small subunit (Fig.3.10) also 
had a relatively high expression level at half expanded leaf stage in P64S. In E32 and 
P64S/E32, Rubisco small subunit was transcribed actively at half expanded leaf stage 
and remained at high level at fully expanded leaf stage. Geranylgeranyl reductase was 
transcribed actively at primordia stage and less so at half and fully expanded leaf 
stages in E32 strain. However, the expression pattern of both Geranylgeranyl 
reductase and Rubisco small subunit in P64S/E32 was similar to that in P64S. 
Type I light harvesting a/b binding protein (Fig.3.13), had an expression pattern 
different from the above. The expression trend was the same in P64S and E32, 
showing decreasing expression pattern from primordia stage. But in P64S/E32, just 
fully expanded leaf stage revealed lower expression where remaining higher level at 
two previous stages. 
Actin is a component of contractile assemblies and presents in nearly all 
eukaryotic cells and it plays a role in membrane structures. Actin depolymerizing 
factor is one of the small actin-binding proteins that regulate actin dynamics in cells. 
The high expression of this gene at the half expanded stage indicates that some actin 
molecules depolymerize and polymerize again for cell elongation or cell-shape 
determination. Chlorophyll a/b binding protein and Ferredoxin NADP reductase are 
involved in photosynthesis process. The high expression of these genes may be due to 
quickening growth of the plant, energy consumption increase and thus trigger a faster 
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related products to absorb more sunlight. 
3.3.5.4 Genes steadily increased in expression throughout the development (Group 
VI) 
Some genes showed a steady increase in relative expression levels throughout 
development, namely Methionine synthase protein, Metallothionein like protein and 
Rubisco proteins. But only one gene was selected in this group for analysis. It was 
Rubisco large subunit (Fig.3.11), which is involved in the formation of functional 
enzyme with Rubisco small subunit to carry out carbon fixation in photosynthesis 
process (Salvucci and Ogren, 1996). In P64S, it was expressed sharply at the half 
expanded leaf stage with the same expression level at primordia and fully expanded 
leaf stages. In E32, it seems only to be expressed at the primordia stage. No 
expression could be detected at the fully expanded leaf stage in P64S/E32. The 
developmental expression trends of Rubisco large subunit found in cDNA Microarray 
was different from that in Northern blot analysis. In cDNA Microarray, Rubisco large 
subunit showed increasing expression level throughout development. But in Northern 
blot analysis, the expression level at fully expanded leaf stage reduced to the level of 
primordia stage. So, this gene should re-classify into group IV or another method 
should be used to verify the expression profile. 
Methionine synthase protein is involved in the synthesis of amino acid -
Methionine, which may plays a role in shaping some proteins by forming disulfide 
bond and may acts as initiator with tRNA during translation. The expression pattern 
implies that translation or protein transformation is increasing along the plant 
development. And the expression of Metallothionein like protein suggests the 
presence of stress because the gene for this protein is stress inducible. But it is 
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presence of stress because the gene for this protein is stress inducible. But it is 
difficult to indicate what kind of stresses presented during development because it 
may come from biotic or abiotic. 
3.3.5.5 Genes with low expression in fully expanded stage (Group VIII) 
In this group, two genes were selected for analysis. They were NADH 
dehydrogenase ND3 and Polyubiquitin 1. For NADH dehydrogenase ND3 (Fig.3.15), 
there was no difference in expression among the three developmental stages of the 
three strains. However, there was multiple banding at primordia and half expanded 
leaf stages but an additional band with larger size shown at fully expanded leaf stage. 
The multiple bands may be due to gene alternative splicing. However, due to the 
multiple bandings, it is very difficult to categorize this gene. 
However, some photosynthesis gene such as Light harvesting complex protein 
and Chlorophyll a/b binding protein precursor also had this expression pattern. At the 
fully expanded stage, the leave apex becomes wilted. The chloroplasts decompose and 
this reduces the photosynthesis rate. So, the expression of these kinds of genes 
decreases at this stage. 
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Fig.3.10 Northern blot hybridization of Rubisco small subunit. 2|_ig RNA was 
fractionated in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully 
expanded leaf. 
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Fig.3.11 Northern blot hybridization of Rubisco large subunit. 2|ag RNA was 
fractionated in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully 
expanded leaf. 
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Fig.3.12 Northern blot hybridization of Histone H4. 15|ig RNA was fractionated in 
denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully expanded leaf. 
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Fig.3.13 Northern blot hybridization of Type I light harvesting chlorophyll a/b 
binding protein. 10|ag RNA was fractionated in denaturing gel. Pri: primordia; HE: 
half expanded leaf; FE: fully expanded leaf. 
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Fig.3.14 Northern blot hybridization of Hemoglobin 2. 15|ig RNA was fractionated 
in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully expanded leaf. 
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Fig.3.15 Northern blot hybridization o fNADH dehydrogenase ND3. 15|ig RNA was 
fractionated in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully 
expanded leaf. 
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Fig.3.16 Northern blot hybridization of Geranylgeranyl reductase. \0[ig RNA was 
fractionated in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully 
expanded leaf. 
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Fig.3.17 Northern blot hybridization of Ferredoxin - NADP reductase. lO^ig RNA 
was fractionated in denaturing gel. Pri: primordia; HE: half expanded leaf; FE: fully 
expanded leaf. 
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Fig.3.18 Northern blot hybridization of Actin depolymerizing factor. lOjag RNA 




Determination of relative expression levels for a large number of genes using 
microarray technology is becoming a standard method for comparative analysis of 
gene profile along developmental stages. Also, combining with Northern blot analysis 
to study and quantify the expression pattern of certain transcripts in a tissue, then the 
expression profile can be further confirmed. 
In microarray experiments, 2000 transcripts were selected from a cDNA library 
randomly and spotted in quadruplicate. Based on similarities of expression patterns, 
89 known genes were categorized into eight discrete groups of gene expression 
patterns during rice leave development. Besides, twelve genes were selected to 
perform Northern blot hybridization. 
When performing RAP-PCR and cDNA microarray analysis, only the Pei'ai 64S 
strain was used and, so the expression pattern of this strain will be emphasized in this 
analysis. However, two additional strains: E32 and Pei'ai 64S/E32 (P64S/E32) were 
also included in this section. Pei'ai 64S and E32 are parental lines of the hybrid, 
P64S/E32, which is a super-hybrid rice. The additional strains were used to 
investigate the consistency or difference of the expression pattern of the selected 
genes in different strains. From the consistency of the developmental patterns of the 
selected genes between the strains, we can explain the leaf development of rice more 
accurately. On the other hand, the differences in profiles among the strains, it can infer 
that the selected genes might be strain specific or might due to not enough stages to 
study and just a part of the development of rice leave, so it could not represent the 
whole developmental trends and might need to be further studied. 
However, as the lack of internal control for the expression studies during leaf 
development and many studies have concluded that 25S and 17S rRNAs are a reliable 
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control for normalization on Northern blots (Biragyn et al.’ 1994，de Leeuw et al,, 
1989), the ribosomal RNAs (25S and 17S) were used as loading control to eliminate 
the difference in expression pattern between samples is due to the difference loading 
of RNA preparations. 
40% of the transcripts were expressed constantly throughout the development. 
Most of them are chloroplast genes and ribosomal RNAs. The results indicated that 
the chloroplast genes were expressed constantly to maintain continuous food 
production in photosynthesis whereas ribosomal RNAs were expressed for constant 
proteins synthesis. 
Eleven transcripts (12%) were highly expressed in the primordia stage. The 
genes expressed in this group are related to chromosome biosynthesis, and signal 
transduction for cell division and cell enlargement, as we expected. In order to 
synthesize more materials for rapid development of leave to carry out photosynthesis, 
cell division and cell enlargement at the primordia stage will increase; this also 
involves signal transduction within or between cells. For examples, Histone H4 
(Fig.3.12) can interact with DNA to regulate replication and transcription (Martinson 
et al., 1979). 14-3-3 like protein has been shown to inhibit the activity of protein 
kinase C in vitro, which shows the potential role of this protein in plant signal 
transduction (Marra et al., 1994). Thioredoxin h can act as general protein disulfide 
reductase in cytoplasm of the cell (Johnson et al.’ 1987) and is one of the major 
proteins in phloem sap for nutrients translocation, signals transduction, and 
maintenance or repair of damages proteins in sieve tubes (Raven et al., 1991). 
Oxygen transport is one of the most important processes during the development. 
Hemoglobins (Hbs) are thought to be involved in this process. Hbs are hemeproteins 
that can bind oxygen and other gaseous ligands. In plants two types of Hbs exist: 
non-symbiotic and symbiotic. Symbiotic hemoglobins are specifically synthesized in 
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root nodules of nitrogen-fixing plants to facilitate the diffusion of oxygen. 
Non-symbiotic hemoglobins are distributed in both dicot and monocot plants 
(Lira-Ruan et al., 2001). In rice, the Hemoglobin 2 (Fig.3.14) gene is differentially 
expressed and is synthesized in specific tissues, thus it is possible that Hbs have 
tissue-specific functions rather than just oxygen transportation (Arredondo-Peter et al., 
1997). The increasing expression of Hbs 2 in Pei'ai 64S implied that this expression 
might relate to metabolic status of the plant or the oxygen demand increased for 
development. 
Nearly 7% of genes were expressed highly in half expanded stage. Some of them 
are related to photosynthesis, such as Rubisco small subunit (Fig.3.10), Light 
harvesting chlorophyll a/b binding protein (Fig.3.13) and Ferredoxin - NADP 
reductase (Fig.3.17). Light harvesting chlorophyll a/b binding protein can act as an 
antenna pigments in photosystems whereas Ferredoxin - NADP reductase catalyzes 
the final step in the oxygenic photosynthetic electron transport (Knaff and Hirasawa, 
1991). The high expression of photosynthesis related genes at this stage are expected 
for great demands of foods for rapid development of the plant and photosynthesis is 
the major process of foods production. However, the gene encoded for Actin 
depolymerizing factor (Fig.3.18) also showed high expression level at this stage, 
where actin is a component of contractile assemblies and plays a role in cytoskeletons. 
The expression pattern of this gene may be due to regulate actin dynamics in cells for 
cell elongation. 
Apart from Rubisco, photosynthetic pigments also play an important role in 
photosynthesis whereas chlorophyll, phytochrome and riboflavin can as an example. 
Geranylgeranyl reductase (Fig.3.16) was believed to play a key role in the light 
regulation of prenyllipid synthesis and in the synthesis of a large number of 
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tocopherol in developing chromoplasts (Henry et al., 1986). In Arabidopsis, it 
catalyzes the reduction of geranylgeranyl-chlorophyll a into phytyl-chlorophyll a as 
well as the reduction of free geranylgeranyl diphosphate into phytyl diphosphate. Our 
analysis shows that this enzyme has a high expression level at half expanded leaf 
stage and this implied that photosynthesis increased sharply at the middle stage for 
rapid development. 
It is interesting that only 5% of genes shown a steady increase in expression level 
throughout development such as Methionine synthase protein, Metallothionein like 
protein, Rubisco activase and Rubisco large subunit (Fig.3.11). Methionine synthase 
is catalyzed the last step in biosynthesis of amino acid — Methionine. Rubisco related 
proteins such as Rubisco activase and Rubisco large subunit that are involved in the 
formation of functional enzyme with Rubisco small subunit, then activated by 
Rubisco activase to carry out carbon fixation in photosynthesis process (Salvucci and 
Ogren, 1996). However, for Rubisco large subunit, two different expression profiles 
revealed in cDNA microarray and Northern blot analysis. Therefore, this gene should 
re-categorize into group IV or applying another method to verify the expression 
profile of this gene. 
Heme oxygenase I and GTP cyclohydrolase II are also involved in biosynthesis 
of photoreceptors. However, the Northern blot analysis of these two genes failed to 
perform. The enzyme, Heme oxygenase I is involved in the biosynthesis of the 
phytochrome, plant red/far-red light photoreceptors that mediate chloroplast 
differentiation (Quail et al, 1995) and important in the photoperiodic control of 
flowering in rice (Takeshi et al” 2000). GTP cyclohydrolase II is the first enzyme of 
riboflavin (Vitamin B2) biosynthesis, converting GTP to the intermediate product 
(Stefan et al., 2000). Riboflavin is one of the photoreceptor in plants (Masahiko et al., 
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1995). 
Protein degradation is an essential component in plant growth, development, and 
environmental responses. Based on evidence from other models systems, the ubiquitin 
pathway may play a role in plants. Ubiquitin is a highly conserved protein found in 
both nucleus and cytoplasm of all eukaryotic cells (Finley and Varshavsky, 1985). The 
protein has been implicated in many cellular functions including removal of abnormal 
or damaged proteins (Mattoo et al, 1984), control enzymatic pathway (Vierstra et al., 
1996), and response to heat stock and other stresses (Monia et al, 1990). The 
Ubiquitin protein is a free molecule and can conjugate together to form a 
polyubiquitin. Polyubiquitin was found to be differentially expressed but the Northern 
blot analysis of this gene did not work. 
It was interesting that a chloroplast gene - NADH dehydrogenase ND3 (Fig.3.15) 
showed multiple bands in the analysis. Also, an additional band with larger size was 
appeared at fully expanded leaf stage of all three strains. Perhaps there is a 
post-transcription process of this chloroplast gene or due to alternative gene splicing. 
From the result stated above, it may be concluded that chromosome biosynthesis 
or signal and nutrients transduction is emphasized at the early stage of the 
development whereas genes related to protein synthesis, photoreceptors synthesis and 
photosynthesis are likely to have high expression from the half expanded leaf stage to 
fully expanded leaf stage. This study not only demonstrated the coordination of genes 
but also can be used to assign the possible functions of the novel genes. Those novel 
genes can be inferred their possible functions according to the well-characterized 
genes in the same group. For example, the novel genes in Group II may be related to 
shock responding because some genes in this group such as heat shock protein 82 and 
Chaperonin 10-like protein are expected response to shock. Of course, functions of 
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novel genes can be assigned more accurately by profiling their expression under 
different conditions. 
However, microarray technology has many variations which combining of 
random, experimental and systematic variability from both biological and technical 
factors, resulting in inaccurate quantitation of relative differences in gene expression. 
Random variability is difficult to track, but the experimental and systematic 
variability can be tracked and reduced. The experimental error is often associated with 
differences in RNA loading or sample handling and the spot printing variability, 
analyzing images variability are some of the systematic biases. 
We found that there are some donut spots (an area within the spot where there is 
no hybridization). The dark donut spots are quite often seen in microarray 
experiments. This may be the result of some crystallization complex that affects 
penetration of the probe into the center of the spot (Tran et al, 2002). Also, in order to 
assess variations of spot within slides, spots are printed in duplicate or in 
quadruplicate. We found that the spot variation within the slide itself appears to be 
low as indicated in Fig. 3.2 B. The signal intensity of duplicate spots adjacent to each 
other is consistent. This result suggesting the accuracy of the experiment is high 
enough and we are able to use the raw signal intensity directly for analysis. 
Theoretically, housekeeping genes are used as internal reference during 
normalization. However, it was are quite difficult to obtain housekeeping genes in my 
study. Furthermore, several literature reports described the inconstancy of 
housekeeping genes and the correct means for selection of such genes still remains 
elusive. In order to circumvent this drawback of the housekeeping genes, two 
synthetic RNAs were synthesized as external references and added to the cell extract 
prior to RNA preparation. The ampicillin resistance and kanamycin resistance 
amplicons met the normalization standards because the sequences of these two genes 
119 
are not related to rice sequences and the presence of hybridization targets for the 
standards on the array. So, they are selected as normalization standards in differential 
gene expression analysis. 
The fluorescent dye Cyanine-3 and Cyanine-5 are frequently paired in use 
because of cost, have good photostability and easily to separate in term of their 
excitation and emission spectra at distinct wavelengths. However, these dyes are large 
molecules that do not integrate easily into the reverse transcription reaction and 
incorporation of these dyes during sample preparation is not equal that increase the 
variability in microarray experiments. So, dye reversal was carried out. For this 
empirical approach, a Cy3-labeled control sample is compared to a Cy5 treatment 
sample on one array and a Cy5-labeled control sample is compared to a Cy3 treatment 
sample on a second array. High ratios in one array should be low in the second array. 
In this way, the replicate data generated by this method can balance the possible 
differential efficiency of the dye incorporation among RNA samples and eliminate the 
array effects. 
However, the above genes are apparently expressed according to the needs of the 
cell in particular stages; the underlying molecular mechanisms are not completely 
understood. Also, due to this technology is still in its infancy and a number of 
uncertainties inherent that reduce the powder of microarray. Many improvements 
have been developed such as new surface chemistry or printing techniques in order to 
generate more accurate data sets. One way to evaluate the reliability of microarray 
data is the consistency of the results. So replication is always advisable or verify by 
alternative quantitative technique such as Northern Blot analysis. 
Northern blot hybridization was described by Alwine et al. (1977) and is the only 
technique, which allows mRNA size determination; therefore it has been the common 
method to verify the differential expression pattern of genes. Although there are many 
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alternative techniques like ribonuclease protection assay (Sambrook et al., 1989) and 
quantitative Reverse Transcriptase - Polymerase Chain Reaction (RT-PCR) (Johnson 
et al., 2000), Northern blots analysis is usually chosen as the first step to study gene 
expression at the transcriptional level for the following reasons. First, ribonuclease 
protection assay is very time-consuming with cloning interest DNA insert into the 
polylinker. Quantitative RT-PCR requires specific primers for every sample and need 
to optimize many conditions such as PGR cycling temperatures, cycle numbers and 
etc. Second, RNA in Northern blot hybridization is size fractioned; it can provide 
information about transcript sizes and can detect additional transcripts generated by 
alternative splicing. Third, although it is less sensitive in detecting rare transcripts 
than RT-PCR, it requires less optimization than RT-PCR. However, as a quantitative 
technique, Northern blot analysis presents several limitations resulting from the 
unable to control the efficiency of RNA transfer and membrane binding. Moreover, it 
is quite difficult to handle a large number of differentially expressed genes and 
requires several Northern blots that need a large amount of RNA preparations that 
always a limiting factors. 
In this study, the data is just at transcription level and translational level must be 
considered because the true gene activity is determined by the protein. So, more study 
will be necessary to characterize on functional approaches. 
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Chapter Four General Discussion 
Rice {Oryza sativa) is the most important cereal for human consumption and also 
serves as a crop research model to provide fundamental information for cereal 
functional genomic studies. The resulting genomic information would enable us to 
understand its developmental mechanisms, so that we can improve quality and yield 
through accelerated crop-breeding technologies. In this study, molecular approaches 
were used to obtain some information in the development of rice leaf. 
Some studies about rice leaf development were reported on leaf initiation (Sato 
et al., 1996) and leaf senescence (Lee et al., 2001), but few studies were performed on 
leaf elongation. Leaf elongation is the most important biological process that relates 
to leaf physiological processes, such as photosynthesis. Study on rice leaf elongation 
can fill this knowledge gap. 
In the first part of this study, genes that were differentially expressed during the 
leaf development of Pei'ai 64S, a maternal line for super hybrid rice were identified 
and isolated by the method RNA Arbitrarily Primed - PGR (RAP-PCR) and reverse 
dot blot hybridization. 205 differentially expressed clones were isolated from three 
developmental stages, namely, primordia, half expanded leaf and fully expanded leaf. 
165 of them had high or moderate homology with other known sequences in the 
database, including those genes involved in metabolism, signal transduction and cell 
communication. The results suggested that these cellular mechanisms play some roles 
in the development of rice leaves and providing clues for further studies. 
cDNA microarray analysis was used to compare gene profile along the 
developmental stages. Based on the similarities of the expression patterns, 89 known 
genes were categorized into eight discrete expression groups, containing many genes 
involved in photosynthesis. About 48% of the genes were classified as "hypothetical," 
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"unknown," or "putative", which revealed that many important plant genes and 
proteins remain uncharacterized. In addition, functions of unknown genes could be 
preliminarily predicted according to well characterized genes in the same group. But 
there are some limitations. Besides expensive equipment and chemicals, complicated 
analysis is also a major problem. Different result will be obtained if using different 
normalization conditions and methods. If more improvements on cDNA microarray 
analysis could be done, profiling of gene expression during rice leaf development 
using more stages would provide more information on this complex biological 
process. 
Northern blot analysis was used to further confirm the expression patterns of the 
differentially expressed genes identified in these two previous methods. Histone H4, 
Hemoglobin 2，Actin depolymerizing factor, Fen.edoxin-NADP+ reductase, Light 
harvesting chlorophyll a/b binding protein, Geranylgeranyl reductase and Rubisco 
small subunit were successful to perform Northern blot analysis and the expression 
patterns were consistent with that found in RAP-PCR and cDNA microarray. One 
selected gene, Rubisco large subunit, was re-classified to group IV whereas GTP 
cyclohydrolase II，Heme oxygenase I and Polyubiquitin 1 were failed to detect any 
signal and might need to analyze by other more sensitive method. Because of the 
multi-bandings appeared in NADH dehydrogenase ND3, it might also need a further 
study to verify its expression pattern. Fig.4.1 summarized the relationship between the 
development of rice leaf and some isolated differentially expressed genes. The genes 
selected for Northern blot analysis were shown in red color in the figure. Five of them 
are involved in photosynthesis; three are related to synthesize of photoreceptors 
whereas the remaining five taken part in chromosome biosynthesis, signal 
transduction, oxygen transport and degradation. 
From this study, genes relating to chromosome biosynthesis and signal 
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transduction are up-regulated at primordia stage. The genes are involved in 
photosynthesis, cytoskeleton remodeling, photoreceptor synthesis and degradation are 
up-regulated at half expanded leaf or fully expanded leaf stage. Also, these twelve 
genes were further characterized in two other rice varieties, E32 and Pei'ai 64S/E32. 
All these genes were differentially expressed, but the expression patterns of some 
genes were different between the varieties. Comparison of gene expression patterns in 
different rice varieties revealed that rice leaf development has common and specific 
characteristics for each strain. 
For stages selection in this study, three stages were chosen to identify 
differentially expressed genes. The reason for this selection was that leaves have large 
differences in morphology at these three stages. So the errors due to the stage 
overlapping could be eliminated. 
Moreover, using three stages for leaf development study is more representative 
than just using two stages. Provided that two stages were selected, some genes with 
differential expression might be missed. For example, if only leaf primordia and fully 
expanded leaf stages were chosen to screen differentially expressed genes, genes with 
maximal or minimal expressed at the middle stage would be missed. If four or more 
stages were selected, the workload would be too heavy. More stages could be used to 
study gene expression profiles after differentially expressed genes were identified and 
confirmed. 
Leaves are the light sensitive part of the plant. It was proposed that sample 
collection time was very important for gene studies especially on leaf development. 
Due to gene expression is changed from time to time, leaves must be sampled at a 
fixed time point, from 10:00 am to 11:30 am in this study, to minimize the errors 
between the stages. Also, this time period can ensure that photosynthesis rate nearly 
reached the maximum level with little photoinhibition. 
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High gene redundancy in the cDNA library was found in this study. Genes such 
as chloroplast ribosomal RNA 23S, Rubisco large and small subunits, accounted for a 
large portion of selected clones. This bias showed that these genes are highly 
expressed in rice leaf. In order to increase the efficiency to isolate unique genes, some 
techniques such as pre-screening should be used to reduce the gene redundancy in the 
cDNA library. 
Development is a complicated process and it will take a long time to fully 
understand the developmental mechanism. The demonstration of the differential gene 
expression is only the first step for the developmental studies. For a more detailed 
characterization of the gene during development, protein studies should be performed 
because it is the end product of gene regulation. This study provided some 
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